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Chapter 1 
Introduction 
INTRODUCTION 
Tomato (Solanum lycopersicunr L.) is an important and popular vegetable of 
the world. It belongs to the solanaccac family and grown round the year in almost all 
parts of India. Tomato is produced 15606.80 tonnes amorally under diverse climatic 
conditions (http:l/agriexchange.apeda.gov.in!India,o20Productionilndia_Productions. 
aspx?hscode 07020000). 'tomato requires a relatively cool, dry climate for high yield 
and premium quality. However, it is adapted to a wide range of climatic conditions. 
The optimum temperature for most varieties lies between 21 to 24'C (Naika el 
2005). Tomato grows well on most mineral soils that have proper water holding 
capacity and aeration, and are free of salt. Tomato is moderately tolerant to a wide 
range of pH (level of acidity), but grows well in soils with a pH of 5.5.6.8 with 
adequate nutrient supply and availability. Harvesting is done 3 to 4 months after 
sowing (Naika et a(., 2005). 
Tomato has diversified uses such as fresh salad, cooked foods and in 
processed forms like ketchup, pickle and sauce. Edible part of tomato represents about 
94 % of the total weight of fruit (De Lannoy, 2001). A 100 g tomato contains 93.8 g 
water, 1.2 g protein, 4.8 g carbohydrate. 7.0 mg calcium, 0.6 mg iron, 0.5 mg 
carotene, 0.06 mg thiamine, 0.04 mg riboflavin, 0.6 mg niacin and 23 mg vitamin C 
(Be lannoy, 2001). Tomato plays a vital role in maintaining health. Ripened fruits are 
very helpful in healing wounds because of antibiotic properties (Crain and Stumpf, 
1972). good appetizers and suitable food for diabetic patients (Myers and Croll, 
1921). Its extract has a better effect on urinary acidity as compared to orange juice 
(Saywell and Lane, 1933). Tomatoes are known to contain many important 
compounds such as lycopene that play an important role in the prevention of cancer, 
heart disease, cataracts and many other common health problems (Collins, 2007). 
Tomato is susceptible to numerous diseases. The common bacterial diseases of 
tomato are Bacterial canker (Ciavibacter michiganensis subsp. rnichiganensis), 
Bacterial speck (Pseudornonas syringae pv. vesicatoria), Bacterial leaf spot 
(Xanthomonas campe'rri' pv. vex icatoria). Bacterial stem rot and fruit rot (Erwinia 
carotovora subsp. carorovora). Bacterial wilt (Ralstania solanacearum), Pith necrosis 
(Pseudomonas corrugaro), and Syringac leaf spot (Pseudomonas syringae pv. 
syringae) (http:4en.wikipedia.org/wiki/List_of_tomato_diseases). 
Bacterial wilt of tomato caused by Ralsronia solanacear¢mt (Smith) Yabuuchi 
et al., is one of the potential threats to successful tomato cultivation. R. solanacearurr 
causes wilt in 450 host species in 54 botanical families (Allen et al., 2005). It is one of 
the major hacterial diseases of tomato affecting its growth and yield. The bacterial 
wilt symptoms in tomato are characterized by initial wilting of upper leaves and 
within a few days followed by complete wilting of the plants, if environmental 
conditions are favorable for the pathogen. Stunting may occurs and large number of 
adventitious roots are produced on the stem. The vascular tissues of the infected stem 
have brown discoloration and, if the stem cut crosswise drops of white or yellowish 
bacterial ooze may he visible (McCarter, 1991). R. solanacearwn usually enter the 
plant via wound_ Natural wounds (created by excision of flowers, genesis of lateral 
roots) as well as unnatural ones (by agricultural practices, nematodes and xylem-
feeding bugs attack) would become entry sites. R. solanacearum potentially requires 
only one entry site to establish a systemic infection that results in bacterial wilt 
(Denny, 2006). Losses in tomato yields due to the bacterial wilt disease have been 
reported to be as high as 90 % (Kishun, 1985). 
The bacterial spot disease of tomato causal by Xanrhornonas campestris pv. 
ve.sieatoria (Doidge) dye is a major constraint to tomato production all over the world 
(litter, 1985; Watterson, 1986; Scott e1 al., 1989; Yu el al., 1995; Venette cl al., 
1996; Blancard, 1997). It attacks every part of the tomato plant. On leaves lesions 
appear as irregular water-soaked areas, at first green, later becoming brown and 
necrotic. Speak lesions are surrounded by a more distinct yellow halo, lesions are 
often in streaks and the yellow haloes run together to give a large chlorotic areas 
(Goode and Sasser, 1980). Disease is favoured by heavy rainfall, high humidity (Diab 
et al., 1982). Infection on leaves causes defoliation, resulting in reduced marketable 
fruit weight for both staked and unstaked tomatoes (Dougherty, 1978; Pohronezny 
and Volin, 1983), and increased exposure of fruits to sunscald. Fruits of tomato show 
superficial corky spots or scabs. with water-soaked margins, oval or irregular in 
shape, 2-10 nim in diameter. The main economic effect of the disease is the reduction 
in fruit weight and quality. Bacterial spots on the fruits have been shown to account 
for up to 52 % weight loss in infected fruits (Jones e1 al., 1986). Simultaneous 
occurrence of X campestris pv. vesicatoria and of R..solanacearum causing a spot 
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and will disease of tomato in Egypt bus been reported (Abd-Alla and Bashandy, 
2008). 
Plant parasitic nematodes have been identified as one of the major pests 
affecting tomato production throughout the world. Berlinger (1986) reported over 60 
different species representing 19 genera of plant parasitic nematodes that attack 
tomato but the root-knot nematodes Meloidogine spp. is widespread, destructive and 
the most difficult pathogen of tomato (Sasser, 1980; Jones et a1„ 1991; Norman. 
1992: Pourie and McDonald. 2000: De Lannoy, 2001). !vleloidogyne infected plants 
may appear chlorotic, stunted, necrotic, and / or wilted, especially during periods of 
moisture stress and ]nigh temperature (Pattison, 2007). Intensive galling seriously 
reduces root efficiency and often results in permanent wilting, premature defoliation, 
and eventually plant death (Mai and Abawi, 1987). Root-knot nematodes 
tremendously reduce both quality and quantity of fruit. In tomato, yield losses by 
Meloidogyne spp. has been estimated from 20 % to 33 % (Sasser, 1979: Sasser and 
Caller, 1982; Sasser, 1989) and in India it range from 40 to 46 % (Bhatti and Jain, 
1977; Reddy, 1985). The other important nematodes known to parasitize tomato 
plants include Ilelicotylenchus spp., Hoplolaimus indieus. Pratylenehus hrachyurus, 
Rotylencfidns reniformis, Sculellonema spp.. Tylenchus spp., and Xiphinema 
elongartun (Osei et al., 2012). 
Soil is a complex ecosystem that supports a wide variety of life forms 
including plants and animals. Plants are constantly exposed to numerous pathogenic 
organisms many of which are common components of soil biosphere. Nematodes are 
of tremendous importance as components of disease complex along with other disease 
causing agents. When plant is infected with one pathogen its response to another 
pathogen is altered. These alterations exert significant influence upon disease 
development within a particular host, etiology of all the pathogens involved and 
ultimately on disease control. The influence of root-knot nematodes on the 
development and severity of bacterial wilt has been elucidated (Akiew et al., 1991). 
The involvement of nematodes in bacterial invasion is usually thought to be caused by 
wounds on the roots (Hayward, 1991). Sometimes damage predisposes the crop to 
other pathogens by the leaching of nutrients into the soil which favors the growth of 
bacteria and fungi (Sasser. 1989). 
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The growing concern about the toxic effect of chemical pesticides has created 
a need to develop suitable non-toxic and eco-friendly alternative methods for the 
management of plant diseases. The rhizosphere provides a front line defense against 
pathogen attack to root (Weller. 1988). The rhizoplane and surrounding rhizosphere 
soil are colonized or occupied by a wide range of microorganisms. Of the various 
microorganisms present. arbuscular mycorrhizal (AM) fungi are of great value in 
promoting uptake of phosphorus, minor elements and water. AM fungi also increase 
plant growth and yield of several crop (Allen, 1996, Gianinazzi et al.. 2002; Jeffries et 
al., 2003; 13area et al., 2005) and also reduce plant diseases (Akhtar and Siddiqui. 
2008a). 
Some other microorganisms that are associated with the roots of crop plants 
and play an important role in mobilization and immobilization of phosphorus, are 
known as phosphate solubilizing microorganisms (PSM). Many soil fungi and 
bacteria are known to solubilize inorganic phosphates (Ulmer and Schinner, 1992) and 
cone under the category of PSM. Solubilization of insoluble inorganic compounds is 
brought by some of the species of Bacillus. Pseuclomonas. .1ficrococcus. 
Flavobacter•ium. Penicillium and Aspperg>illus. These genera have shown the capacity 
of solubilizing insoluble inorganic phosphate such as rock phosphate. tricalcium 
phosphate, iron and aluminium phosphate by production of organic acids (Tilak. 
1991). They can also mineralize organic phosphate compounds present in organic 
manures and soils. Several mechanisms like lowering of pI1 by acid production, ion 
chelating and exchange reactions in the growth environment have been reported to 
play an important role in phosphate solubilization by PSM (I lalder cat al.. 1991; Abd-
Alla. 1994, \Vilitelaw, 2000; Goldstein. 1986) which involve in enhancing the growth 
and yields of crop plants (Tilak. 1991; Gupta and Namdeo, 1997; Toro et a/.. 1997; 
Ozgonen et al., 1999). Along with phosphate solubilization, PSM also show the 
simultaneous synthesis and release of pathogen-suppressing metabolites, mainly 
siderophores. and lytie enzymes (Pandey et al., 2006; Rane et al.. 2008) and thus 
involve in reducing disease severity. 
Chitosan is reported to inhibit the growth of a wide range of plant pathogens 
and its application induces host defense responses in both monocotyledons and 
dicotyledons. Chitosan has demonstrated antiviral, antibacterial, and antifungal 
properties (H Iladrami et al., 2010). It control diseases or reduce their spread, to 
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chelate nutrient and minerals, preventing pathogens from accessing them, or to 
enhance plant innate defenses (Fl Hadrami et al.. 2010). In addition, chitosan was 
reported to induce callose formation (Kehle et al.. 1985; Conrath el al.. 1989), 
proteinase inhibitors (Walker-Simmons and Ryan, 1984), and phytoalcxin 
biosynthesis (Iladwiger and Beckman, 1980). 
Organic amendments and managing crop residues (type and quantity) have a 
direct impact on plant health and crop productivity (Bailey and Lazarovits, 2003). 
Organic matter. organic nitrogen and increased nutrient availability were associated 
with reduced diseases and higher yields, Organic matter is known to affect soil 
aeration, structure, drainage, moisture holding capacity, nutrient availability, and 
microbial ecology (Davey, 1996). Replenishing with organic matter as either residues 
or amendments influences the physical, chemical and biological processes (Bailey and 
Lazarovits, 2003). 
During the course of survey of Aligarh district (Uttar Pradesh) for plant 
parasitic nematodes and bacteria (both from rhizosphere and rhizoplanc), I observed 
frequent and simultaneous occurrence of Ivtelaidggyne javanica (Treub) Chitwood 
and Rasronia solanacearum (Smith) Yabuuehi et al. and Xanlhomonm campestris 
pv. vesicatoria (Doidge) dye (Xcv) in the root and soil samples collected from tomato 
fields. These bacterial pathogens were generally present with Al. javanica and plants 
were severely galled, wilted and rotted. I, therefore, thought it desirable to study the 
effect of interactions of Al. javanica R. .sotanacearum and X. campeslris pv, 
vesicaroria on tomato growth and disease development. Keeping this view in mind, 
studies were conducted with following objectives. 
Objectives of the study 
1. Survey of tomato fields was conducted for the root-knot nematode Meloidogyne 
javanica, Ralsionia solanacearum and Xanthomonas campesiris pv. vesicatoria 
in Aligarh district. 
2. Effect of different inoculmn levels of M. javanica, R..solanacearum and X 
campestris pv. vesicatoria on growth parameters and chlorophyll contents of 
tomato were observed with a view to determine the inoculum threshold level of 
each pathogen. 
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3. Effect of interactions of three variable inoculury levels, each of R. 
solanacearunr, M. javcmica and X campestris pv. vesicatoria on plant growth, 
chlorophyll contents, disease development and nematode multiplication were 
studied. 
4. Effect of simultaneous, pre and post inoculations of M. javanica. K 
solanaeearum and X campestris pv. vesicatorin on growth parameters of 
tomato, chlorophyll and disease severity were observed. 
5. AM fungi and other phosphate solubilizing microorganisms (PSM) were 
isolated from pathogen suppressive soils of tomato fields of Aligarh. 
6. Effects of Pseudorvmnas putida Trevisan. Glomus iniraradices Schenck and 
Smith, Aspergiluc niger van Tieghem and chitosan alone and in combination on 
the growth, chlorophyll contents and wilt-leaf spot disease complex of tomato 
were studied. 
7. Effects of Aspergillus awamori Nakazawa, Pseudornonas fluorescen.c (Flugge) 
Migula and Bacillus subtilis (Ehrenberg) Cohn alone and in combination on the 
tomato growth, chlorophyll contents and wilt-leaf spot disease complex were 
studied. 
8. Effects of chitosan alone and in combination with different organic manures on 
the plant growrth, chlorophyll contents and wilt-loaf spot disease complex of 
tomato were studied. 
9. Effects of P. putido alone and in combination with different plant straws on the 
growth, chlorophyll contents and wilt-leaf spot disease complex of tomato were 
studied. 
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Chapter 2 
Review of Literature 
REVIEW OF LITERATURE 
2.1 Bacterial wilt of tomato 
Bacterial wilt is a very complex and deadly soil-borne vascular disease of 
many agronomically important crop species and occurs mainly in tropic, sub-tropic 
and warm temperature zones (Jaunet end Wang, 1999; Wang at at., 2000). the 
disease ranks as one of the most important disease of bacterial origin (Kelman, 1998), 
causing sometimes total losses in tomato crops (Kishun, 1987). Ralsvonia 
solanacearum (Smith) (Yahuuchi et al., 1995), causal agent of bacterial wilt is a 
highly diverse and adaptive bacterium that differs in host range, geographical 
distribution, pathogenicity, epidemiological interactions and physiological properties 
(Buddenhagen eta?., 962; Hayward, I991). 
2.1.1 Host range and geographical distribution 
The bacterial wilt disease has been described, and the causal agent isolated, in 
more than 200 plant species belonging to 50 different botanical families (Hayward, 
1994). The disease has a worldwide distribution (Elphinstone, 2005). This unusually 
wide host range is continuously expanding, so descriptions of new hosts are not 
uncommon. The most important widespread hosts are banana (Musa paradisraca), 
eggplant (Solammn melongena), groundnut (Arachis hypoguea), Heliconia spp., potato 
(S. tuberosum), tobacco (Nicotiana tahacum) and tomato (Lvcopersicon eseulentum) 
(EPPO. 2004). The majority of them mostly belong to the Solanaccae and Musaccac 
families. 
2.1.2 Economic importance of the disease 
Yield losses due to bacterial wilt vary according to host. cuftivars, climate, soil 
type, cropping practices and pathogens strains (Elphinstone, 2005), the disease can 
destroy entire harvest when conditions that favor it are met. The disease is causing 
great threat to tomato cultivation in plains of India and becoming limiting factor in 
tomato production. The yield loss due to this disease is upto 90.62 per cent (Kishun, 
1997) and how long it can remain in the soil is not known. 
2.1.3 Classification 
Palsionia solanacearum is considered as a heterogeneous species or a'species 
complex" (Fegan and Prior. 2005). supporting the concept of -species group" already 
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proposed in 1964 (Buddenhagen and Kelman, 1964). R. solanacearum is a major 
phytopalhogcn that attacks many crops and other plants over a broad geographical 
range (Lenin and Denny, 2012). The extensive genetic diversity of strains responsible 
for the various bacterial wilt diseases has in recent years led to the concept of an R. 
solanacearum species complex. Genome sequencing of more than 10 strains 
representative of the main plrylogenetic groups has broadened our knowledge of the 
evolution and speciation of this pathogen and led to the identification of novel 
virulence-associated functions(Genin and Denny, 2012). 
On the basis of host range, R solanacearum strains have been classified into 
five races (Buddenhagen etal., 1962; Pegg and Moffett, 1971; He e/ al., 1983), and 
six biovars, according to the ability to oxidize three hexose alcohols and three 
disaccharides (Hayward, 1964, 1991; He etal., 1983; Hayward and Hartman, 1994; 
Xue et al.. 2011) 
2.1.3.1 Race determination 
The pathogen species is subdivided into races based on host range. Lozano 
and Sequeira (1970) developed a tobacco hypersensitivity test, to distinguish between 
race 1, 2, and 3, the most economically important races. The test is done using 
tobacco leaves by infiltrating bacterial cell into the parenchyma with a fine riddle; 
leaf necrosis and wilting of tobacco plant after 8 days indicate race 1; yellowing of 
infiltration area in 48 hours is race 3 and hypersensitivity with white necrosis of the 
interveinal area in one day is race 2. Race determination in most research reports (He 
et al., 1983; Hayward, 1991: Horita and Tsuchiya, 2001) were made by inoculating 
the differential hosts at 3 to 4 true leave stages as a standard. 
Table 1- Tobacco plant reaction to differentiates races of Ralstonia solanacearum, 
according to Lozano and Sequeira (1970) 
Race 	 Reaction hype 
1 24 h 	no visible symptoms 
36 h dark brown lesion surrounded by a yellow zone 
60 h 	vessels discolored 
8d leaf wilting and yellowing 
2 	 10-12 h 	hypersensitive reaction, infiltrated tissue glassy 
60 h tissue thin, transparent, white necrosis 
3 	 48 It 	infiltrated tissue becomes yellow 
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The race 1, 2 and 3 can also be identified on the basis of their pathogenicity on 
tomato plants or eggplants in addition to tobacco plants (Buddenhagen of al., 1962). 
Race I affects tobacco, tomato, many solanaceous and other weeds and certain diploid 
bananas. Race 2 causes bacterial wilt of lriploid bananas (moko disease), Heliconia, 
or both. Race 3 affects potatoes and tomatoes, but is not highly virulent on other 
solanaceous crops (Buddenhagen el al., 1962). 
Table 2- Race determination through different host plant reaction to Ralsionia 
solanacewum, according to Janse (1991). 
Reaction in 	 Race 
2 3 
Tomato / eggplant 	 Wilting No reaction Wilting 
Tobacco cv. White 
Burley plants (stem Wilting No reaction No reaction 
inoculation) 
Tobacco cv. White Necrosis (48 h) and Chlorosis 
Burley leaves wilting (7-8 days) IIK (12-24 h) (2-8 days) 
(hypersensitivity test) 
Musa acuminate No reaction Wilting No reaction 
* Race 4, pathogenic to ginger and a few other hosts and Race 5, pathogenic to 
mulberry v only, not included 
2.1.3.2 Biovar determination 
When Alcala de y Lara in 1998, did the characterization and identification of 
the bacteria biovars, they recommended the procedure developed by the Bacteriology 
Committee of the American Phytopathological Society. Factors used were growth of 
colonies on NGAS, agar. carbonate of calcium dextrose, the production of levan, the 
growth on crystal violet polypectate media (CVP). the gelatin liquefaction, nitrate 
reduction, catalyses production, and the growth of the bacteria at 27°C, 37°C and 
41°C. the oxidation of hexose-alcohols. and the use of disaccharides. They used 
methods such as Suslow KOH test at 3 %, the production of fluorescent pigment on 
King's B medium used by Fahy and Hayward, and the growth on Kado and Heskett's 
selective media Dl and D3. 
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Table 3- Classification of Ralstoniu solanaceurum in hiovar through biochemical test 
method. 
Test 	 Biovar 
1 	2 	3 	4 	5 	6 
Acid from: 
I-lexose 
alcohols 
mannitol 	 - - 	+ 	- I 	 - 	 I 
sorbitol - - + + + + 
dulcitol 	 - - 	+ 	+ 	- 	- 
Disaccharides 
cellobiose 	 - + 	+ 	- 	+ 	+ 
lactose - + - + + 
maltose 	 - + 	+ 	- 	+ 	+ 
The new classification is now based on phylogenetic information because the 
current race and biovar classification was though inadequate for being based on 
phylogenetic factors (Poussier cat crl.. 2000). Based on phylogenetic data, the species 
complex divided into phylotypes (phylogenetic grouping of strains). sequevars (group 
of strains with endoglucanase or mut S gene sequences diverging by < 1 %), and 
clones (group of strains exhibiting the same genomic fingerprint) (Fegan and Prior. 
2005). 
Table 4- New classification for Ralstoniu solanacearrun, based on phylogenetic 
information. 
Taxonomic level 	Taxonomic equivalent 	Nomenclature 
Species 	 Species 	 R. soianaceurwn complex 
Phylotype Subspecies Phylotypes 1. 11. III. IV 
Sequevar 	 Intraspecific groups 	Sequevar 1-23 
Clone Clone Lines 
Fegan and Prior (2005). proposed a hierarchical classification scheme to 
distinguish the genetic diversity within the R. solanaceururn species complex (Prior 
and Fegan, 2005; Peeters et cal., 2013). Under this classification, strains can be 
precisely partitioned into four phylotypes (Phylotype: monophyletic cluster of distinct 
strains based on the phylogenetic analysis of DNA sequence variations). Each 
phylotype reflects the geographic origin of strains. 
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PHYLOTYPE I 	Contains all strains belonging to biovars 3, 4 and 5. 
isolated primarily from Asia 
PHYLOTYPE II 	Includes biovar I and 21 (a subgroup of biovar 2 for 
tropical areas) isolated from America, all race 3 strains 
pathogenic to potato and the race 2 banana pathogen. 
PHYLOTYPE III 	Comprises strains belonging to biovars l and 2T from 
Africa and surrounding islands. 
PHYLOTYPE IV 	Is more heterogeneous, with biovar 1, 2 and IT strains 
from Indonesia. strains isolated in Australia and Japan and 
also including R. syzygii and the banana blood disease 
bacterium (BDB) or R. celebensis. 
The robustness of these lour main evolutionary lineages is also supported by the 
hierarchical clustering obtained from comparisons of total gene content among 
representative strains (Guido[ e1 al., 2007). There is genetic evidence that phylotypes 
arose from geographical isolation and that populations may have diverged a long time 
ago, as judged by the amount of fixed polymorphisms observed among phylotypes 
(Lavie et al., 2004; Castillo and Greenberg. 2007). Each phylotype contains a variable 
and additive number of sequevars, which are highly conserved sequence variants. 
The fraction of phylotype 11 commonly known as race 3 I biovar 2 (R3B2) 
infects tomato and common solanaceous weeds and also causes brown rot, a serious 
disease of potato. This group is adapted to lower temperature than other races; 
therefore it constitutes a serious threat to agricultural production in temperate regions 
of the world (Williamson ei a(., 2002). 
Cook of al., (1989, 1991) in their characterization of R solanacearurn through 
the use of restriction fragment length polymorphisms (RFLPs) found 33 RFLP group 
in 62 strains of bacteria forming two major divisions: The division I that contains all 
members of race I biovars 3, 4 and 5 whereas division II includes all members of race 
1 biovar I and race 2 biovar I and race 3 hiooar 2 and 21. From the RFTP data, it was 
deduced that the pathogen had evolved as two separate groups, perhaps as the result 
of geographical isolation and it was postulated that members of division I had evolved 
in Asia whereas division II originated in the Americas. 
2.1.4 Traditional detection methods of Ralstonia solanaceanun 
Traditional detection methods are based on the isolation of bacteria from seed 
or plant extracts through culturing on semi selective media, followed by colony 
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identification by morphological and biochemical characteristics and pathogenicity 
tests. According to Alvarez (2004), the variable phenotypic and genotypic 
characteristics of the versatile R. solcmacearum, that serve for it identification, require 
rather the use of complementary methods instead of using some few universal known 
methods. Alvarez confirmed that symptom recognition and a rapid test is enough to 
identify a known bacterial plant pathogen, while the diagnosis of truly unknown 
pathogens requires more investigation such as field observation, examination of plant 
tissues, and isolation of the pathogen, characterization, and proof of Koch's 
postulates. 
2.1.4.1 Visual inspection- The visual inspection is very important for being the first 
step in identification of symptomatic disease. I lie common symptom are day wilting 
and night recovering at the beginning, plus vascular discoloration oi'stem at a few cm 
above the soil line followed some time by a bronzing of leaves. Generally leaves wilt 
without changing of color. A stem cut test shows the bacterial white ooze exudes from 
vessels when placed in water (OEPP % EPPO, 2004). 
2.1.4.2 Isolation and detection of latent infections- According to French et al., 
(1995), one of the main constraints to develop efficient strategies in controlling 
bacterial wilt disease has been the lack of accurate, simple and rapid methods to 
detect the pathogen in plant, soil, and water samples. Usually, R. solanacearum 
occurs in a latent form in temperate European countries when infected symptomless 
weeds such as Solanum dtdcamara grow along waterways (Elphinstone et al., 1998; 
Janse et al.. 1998; Wenneker ci al., 1999). For isolation from that latent form, the. 
SMSA media modified has been more effective in Europe (Elphinstone ei al.,1998; 
Wennekor et al., 1999). 
2.1.4.3 Isolation and detection from symptomatic infections- Isolation from 
symptomatic material can easily be perf'ormed using YPGA non-selective media or 
Kelman's tetrazolium media. In some cases when secondary infections are present, 
isolation on selective media is necessary. A presumptive test in the field can be the 
water streaming test as described under disease symptoms or a serological 
agglutination test using a field kit in the form of a lateral flow device (Danks and 
Barker, 2000). 
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2.1.4.4 Detection through bacterial streaming- The bacterial streaming test is an 
easy and simple test useful to identify bacterial wilt. The technique consists orcutting 
the diseased plant stem just above soil line and placing the cut surface in a beaker 
with water. When white bacterial ooze is seen streaming out from the vascular 
bundles is diagnostic for R. solanacearurn. Any other bacteria causing vascular 
infection in potato or tomato plants will not show this phenomenon (OEPP / EPPO, 
2004). 
2.1.5 Detection of latent and symptomatic infections using serological and 
molecular techniques 
Since the previously described tests require up to several weeks to confirm the 
identification of the pathogen there is a need for rapid, reliable tests to replace the 
costly and time-consuming culture and plant bioassays (Alvarez, 2004). 
Another reason to develop more sensitive pathogen detection is The need to 
quarantine unhealthy propagation material in the field and storage when the absence 
of symptoms does not always mean the absence of latent pathogen population; to aid 
selection of resistant cultivars to Ralstnnia and to evaluate the eflectiveness of 
integrated control techniques on the disease incidence (French et al.. 1995). 
Pradhanang or al.. (2000) compared the sensitivity and specificity of various 
methods for routine detection of R. solanacearunr in a sandy loam soil; the different 
methods used were detection on selective media, detection by tomato bioassay, 
detection by indirect ELISA, detection by conventional PCR, and detection by nested 
PCR. Each method has its own advantages and limitations. PCR has potential as a 
sensitive and specific detection technique for studying survival of R. solanacearum in 
soil. 
In the study of the diversity of R. solanaeearum causing bacterial will on ginger 
and other hosts in India. the use of REP-PCR (Repetitive Rxtragenic Palindromic-
Polymerase Chain Reaction) and RFLP-PCR (Restriction Fragment Length 
Polymorphism-Polymerase Chain Reaction) as molecular tool could cluster the highly 
pathogenic isolate in a cluster at 100 % similarity coefficient in conformity with their 
host origin and biovar (Kumar et al., 2004). 
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2.1.6 Morphological aspect of the N. solanacearum 
"R. solanacearum is a strictly aerobic, gram negative, non-spore forming, non 
capsulated, and nitrate-reducing, ammonia-forming, aerobic, rod-shaped bacterium 
(Stevenson, 2601). The bacterium does not hydrolyze starch. nor readily degrade 
gelatin. Optimum growth generally is between 28 to 32°C except certain race 3 strains 
pathogenic to potato that are able to grow at lower temperature" (Stevenson, 2001). 
Regarding pH requirements, in general R. solanacearum growth is inhibited in 
acid media but favoured in alkaline conditions (Kelman, 1953). R. solanacearum can 
grow in I % NaCI liquid media but, little or none in 2 % NaCI (EPPO, 2004). Two 
morphological types of R. .solanacearum colonies can be typically observed on agar 
plates: fluidal or mucoid and afluidal or nonmucoid (Kelman, 1953; Smith, 1920; 
EPPO, 2004). The mucoid substance is produced by the accumulation of an 
exopolysaccharide (BPS), which causes these mucoid colonies to exhibit a typical 
irregularity of their surfaces (Smith, 1920), often with characteristic whorls in the 
centre. All R. solanacearum colonies are non-fluorescent, although a diffusible brown 
pigment can be produced on some media (Denny and Hayward, 2001). 
Under certain conditions. R. so(anacearum colonies spontaneously undergo a 
change from fluidal to afluidal morphology, linked to a great reduction in disease 
inducing capacity of these cells (Buddenhagen and Kelman, 1964; Kalman, 1954; 
Brumbley and Denny, 1990). This phenomenon is known as `Phenotypic Conversion' 
(PC) (Denny etal., 1994; Poussier et al., 2003) and occurs in most R. solanacearum 
strains (Brumbley and Denny, 1990). PC type variants can be easily observed by 
prolonged culture on agar plates (Buddenhagen and Kalman. 1964; Kelman, 1954), 
and when the organism is grown in a non aerated liquid medium with glucose and an 
organic source of nitrogen (Kelman and Hmschka. 1973). Motility is transiently 
expressed during R. solanacearum growth (Clough et al., 1997). The bacterium can 
produce one to several polar flagella (Kalman, 1953; Smith, 1920; Clough et al., 
1997), which provide it with swimming motility (Tans-Kersten el al., 2001). 
2.1.7 Genomic organization of the bacteria 
In genomic studies the bacterium is found with a bipartite genome structure. 
Salanoubat el al., (2002) presented the complete genome sequence and an analysis of 
strain GMI1000. The 5.8-megabase (Mb) genome is organized into two replicons: a 
3.7-Mb chromosome and a 2.1-Mb megaplasmid. Both replicons have a mosaic 
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structure providing evidence for the acquisition of genes through horizontal gene 
transfer. The genome encodes proteins associated with a role in pathogenicity. R. 
solanacearurn is a betaproteobaeterium belonging to a group of bacteria whose 
genomie organization is not well characterized yet. The unique representative of this 
group for which the complete genome has been already sequenced is Veisseria 
meningi(ides (Salanoubat et al., 2002). 
2.1.8 Life cycle of R. solanacearutn 
The pathogen moves to the host plant, attaches to the plant roots. infects the 
cortex and colonizes the xylem (Kelman, 1953; Vasse et al., 1995; Yao and Allen, 
2006), which requires secretion of cell wall degrading enzymes and EPS (Schell, 
2000). After destroying the host, the bacterium returns to the environment and is 
likely to survive in soil, water or reservoir plants (Denny et al., 1994). Within plant 
tissues, high densities of the pathogen increase expression of pathogenicity genes, 
repressed by low bacterial densities in non host environments (Schell, 2000) Three 
main stages were distinguished in descriptions of the R, solanacearum host 
pathogenic interaction: root colonization, cortical infection and xylem penetration 
(Vasse etal.. 1995; Vasse et ul.. 2005). 
2.1.8.1 Root colonization- After localizing the host roots, R. solanacearum can enter 
through physical wounds and / or natural openings (Kelman, 1953), and attaches at 
two precise root sites: root elongation zones and axils of emerging or developed 
lateral roots (Vasse et al., 1995), probably due to the fact that the epidermal barrier is 
usually weaker in them. Moreover, root elongation zones are major sites of plant root 
exudation (Foster, 1986). In the attachment to roots. pill and (or I.PS seem to have a 
role (Sequeira, 1985; Romamschuk, 1992). and the implication of flagella has also 
been demonstrated (Tans-Kersten el al., 2001). 
2.1.8.2 Plant root cortical infection- It starts at the sites previously colonized i.e. 
root extremities and axils of secondary roots. Due to the R. solanacearum infection, 
the root cortex of these zones has the intercellular spaces invaded and filled with 
bacteria (Vasse et at, 1995). In the intercellular spaces the bacterium is likely to 
obtain nutrients from pectic polymers of the middle lamella by action of pectinolytic 
enzvmes (Schell, 2000). and also folate concentration in the spaces seems to 
contribute to vigorous proliferation of the pathogen (Hikichi at al., 2007). Infection 
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proceeds to the inner cortex level of primary roots, with bacteria forming large 
intercellular pockets, and conical cells next to them displaying features of 
degeneration (Vasse et ctl., 1995). As disease progresses, swimming motility may help 
the invasive cells go through the cortex (Tans-Kersten el al., 2001). 
2.1.8.3 Vascular cylinder infection and xylem penetration- Bacterial advance from 
cortex to vascular parenchyma implies crossing the endodermis. a cell layer with 
suberized walls and phenolic compounds, thought to be a barrier to vascular 
pathogens (Vasse etal., 1995; Beckman, 1987). Therefore, to bypass the endodermis, 
the bacterium might reach the vascular cylinder at sites where this barrier is 
compromised. These zones would he the root extremities, where the endodermis is not 
fully differentiated, and the axils of secondary roots, where it is reoriented by the 
outgrowth and development of lateral roots, all of them root exudation sites preferably 
colonized by the pathogen (Vasse et al., 1995). 
Once in the vascular cylinder. R. colanaceaum infects the intercellular spaces 
of vascular parenchyma adjacent to xylem vessels, which eventually are also invaded. 
The pathogen can then be observed breaking into and filling xylem vessels, with the 
surrounding parenchyma cells being highly degraded (Salle ei al, 1997; Vasse et al., 
1995). Cell walls are destroyed by the hydrolytic enzymes secreted by R. 
solanacearum. Within the xylem vessels, the pathogen moves throughout the stem to 
the upper parts of the plant while it is multiplying, being reported to reach even more 
than 1010 cells per cm of stem in tomato plants (Saile et al.. 1997). It has been 
suggested that some R. solanacearum cells might form bioflms on host xylem vessel 
walls, which would protect them from host defenses (Tans-Kersten etal., 2001) and 
could filter nutrients from the flow of xylem fluid (Yao and Allen, 2006). Although 
motility could help the pathogen spread out of infected vessels into adjacent 
uninfected ones, 
Raletonia solanacearum is effectively non-motile in xylem vessels (Tans-
Kersten et al., 2001). Extensive multiplication and EPS production taking place in the 
water-conducting system lead to wilting of the host due to clogging of the vessels, 
fhe plant collapses and dies and R. solanacearum is released (Kelman and Sequeira, 
1965) to a saprophytic life in the soil or other environments where it should survive 
until contact with a new host. According to these stages, a classification system based 
on histological localization and isolation described the susceptible hosts for R. 
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solonaeearum as those in which root and stem xylems were highly invaded (Alvarez 
et al., 2008; Alvarez, 2009). 
In the absence of a host R. solanaceorunr can survive in natural habitats, where 
populations can be affected by abiotic and biotic prevailing factors, whose 
combination determines the fate of the pathogen in the environment. 
2.2 Bacterial spot of tomato 
Xonthornonas campestris pv, vesicaroria is a biotrophic gram-negative 
gammaproteobacteria and is the causal agent of bacterial spot disease of tomato 
(So(umxm lycopersicum L.) and pepper (Capsicum annurtm) (Jones et ul., 1998). 
Xanthomonas campe.stris pv. vesicatoria has been reclassified into four different 
species: Xanthomonns vesicataria, Xanihomonas euvesicaloria, Xanihomonas 
gardneri, and Xanthomonas perforans (Jones et al., 2004). 
Bacteria attack the foliage, stems, and fruit of peppers and tomatoes. The major 
crop loss results from shedding of blossoms and young, developing fruit. Fruit that 
remain are usually non-marketable because of poor quality (Ritchie, 2000). They may 
have lesions and are often misshapen and damaged from excessive exposure to the 
sun as a result of defoliation. This can result in sunscald on the fruit. Diseased leaves 
drop prematurely resulting in extensive defoliation. As newly emerging leaves 
become infected and defoliation of older, diseased leaves continues, plants possess 
leaves mostly on their upper stems. Because the diseased foliage often remains on 
tomato plants, affected plants may have a scorched appearance (Ritchie, 2000). 
2.2.1 Leaves 
Because the most obvious symptoms occur on leaves, the disease is often 
referred to as "bacterial leaf spot." Symptoms begin as small, yellow-green lesions on 
young leaves which usually appear deformed and twisted, or as dark. water soaked, 
greasy-appearing lesions on older foliage. Lesions develop rapidly to a size of 0.25 to 
0.5 cm (0.1 to 0.2 in.) wide and become tan to brownish-red. Lesion shape is defined 
by leaf veinlets, so the shape is angular rather than the round shape that is more 
typical of fungal leaf spots or injury caused by some pesticides or other chemical 
sprays. lesions often are more numerous at the tip and martin of the leaf where 
moisture such as dew is retained. Under dry conditions, diseased leaves can develop a 
tattered appearance as the leaf margin and lesion centres become necrotic, dry up and 
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disintegrate. Lesion size is often larger and symptoms are more severe when extended 
periods (% 12 hours) of moisture-saturated tissue occur (Ritchie, 2000). 
2.2.2 Fruit 
Fruit spots (up to 0.5 cm, 0.2 in.) begin as pale-green, water-soaked areas, 
which eventually become raised, brown, and roughened on tomato fruit. Spots may 
provide entrance points for various fungal and other bacterial invaders that can cause 
secondary fruit rots. The bacterial spot pathogen alone does not cause fruit rot. 
2.2.3 Pathogen characteristics 
Bacterial spot is caused by several species of gram-negative bacteria in the 
genus Xanthornonas. In culture, these bacteria produce yellow, mucoid colonies. A 
"mass" of bacteria can be observed oozing from a lesion by making a cross-sectional 
cut through a leaf lesion, placing the tissue in a droplet of water, placing a cover-slip 
over the sample, and examining it with a microscope. 
2.2.4 Pathogen classification and hosts 
Bacterial spot was first observed on tomato in South Africa as early as 1914. 
For almost half a century, a single bacterial species, classified as Xanihomonas 
vesicatoria and later as X, eantpesrris pv. vesicatorio, was considered the cause of 
bacterial spot of both pepper and tomato. In the early 1990s. it was shown that two 
distinct genetic groups (possibly species) existed within strains of pv. vesicatoria. 
In 1995, Vauterin er al., restructured the classification of the genus 
Xanthomonas by proposing species status for these groups: X vesicatoria and X 
axonopodis (syn. campestris) pv. vesicatoria. More recently, it has been shown that 
bacteria belonging to four distinct groups (previously designated A. B. C, and D) 
cause bacterial spot. Jones ei al., (2004) proposed that these should have species 
status: X euvesicaloria = X campe.stris (axonopodis) pv. vesicatoria (group A), X. 
vesicaloria = X vesicatoria (group B), X perforans — group C strains, and X 
gardneri = group D strains. Strains of groups A and B are most widely distributed. 
The vast majority of strains that infect pepper are in group A and possibly some in 
groups B and D. No pepper strains have been found in group C; however, strains from 
all four groups have been isolated from tomato. Some strains infect only pepper 
(designated pepper strains), some infect only tomato (designated tomato strains), and 
some can infect both pepper and tomato (designated pepper / tomato strains). The host 
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range of the different strains can be determined by infiltrating a bacterial suspension 
into the leaf and observing the response. Within 18 to 36 hrs, a resistant response is 
indicated by a rapid collapse of the infiltrated area (a hypersensitive response, HR). In 
a susceptible plant, the infiltrated area develops a eblorotic, water-soaked appearance, 
but not until 310 5 days after infiltration. 
2.2.5 Disease cycle and epidemiology 
The bacteria have a very limited survival period of days to weeks in the soil, 
and thus their survival is almost always in association with debris from infected or 
diseased plants. The pathogens have been reported to persist in association with roots 
of wheat as well as a few weed species; weeds, however, are considered to play only a 
minor role in pathogen survival. Volunteer tomato plants and possibly pepper 
volunteers are potentially important sources of inoculum in some locations. In colder 
regions where vegetative material is killed, the bacteria survive very poorly, if at alt. 
In these areas, reintroduction is primarily on contaminated seed or infected 
transplants. 
The pathogen can survive in association with seed, either externally or 
internally. On externally infested seed, cotyledons may become infected upon contact 
with the seed coat and exhibit lesions soon after emerging from the soil. Bacteria are 
then readily splashed to new foliage and to other plants. Disease is a particular threat 
in transplant production. Transplant beds favor bacterial spot development because 
plants are irrigated frequently, crowded together, and humidity is typically high. In a 
24-hrs period, the bacteria can multiply rapidly and produce millions of cells. [he risk 
of transmission on the seed surface can be reduced by treating seed with sodium or 
calcium hypochlorite or trisodium phospate (TSP). Killing bacteria that may be 
carried internally is more dillicult. Chemical or heat treatments that kill the pathogen 
within the seed also can injure or kill the seed. 
Although bacterial spot is a disease of warm, humid regions, it can develop in 
arid, irrigated regions. The bacteria can be spread by rain or by overhead irrigation. 
Bacteria also may be spread in water droplets when pesticides arc applied with high-
pressure sprayers. 
19 
Bacteria enter through stomata on the leaf surfaces and through wounds on the 
leaves and fruit, such as those caused by abrasion from sand particles and wind. 
Prolonged periods of high relative humidity favor infection and disease development. 
Symptom development is delayed or eliminated when relative humidity remains low 
for several days after infection. 
2.2.6 Significance 
Bacterial spot is one of the most devastating diseases of tomato. The disease 
occurs worldwide where tomato are grown in warm, moist areas. When it occurs soon 
after transplanting and weather conditions remain favorable for disease development, 
the results are usually total crop loss. Current chemical control is limited to copper or 
copper combined with maneb sprays that provide only marginal success thus making 
the disease very difficult to control once the epidemic is underway. When the disease 
occurs in commercial pepper fields early in the season, some farmers destroy the 
entire crop by disking because it is so difficult and economically costly to control 
once present in the field. 
The study of this pathogen also has significantly increased fundamental 
understanding of host-pathogen interactions and the gene-for-gene model theory at the 
molecular level. Simply defined, this model states that for each resistance gene in the 
host there is a corresponding avirulence gene in the pathogen. An avirulence gene 
(also termed "effector gene") encodes a product that interacts directly, or more likely 
indirectly, with a product encoded by the corresponding resistance gene in the plant; 
this interaction triggers resistance. 
In plants lacking the corresponding resistance gene, effector gene products 
suppress irmate host defenses. A bacterial avirulence gene(s) can be lost or can 
mutate. This genetic change in the pathogen allows race changes that overcome 
resistance in the host, and, consequently, the host range of the pathogen is expanded. 
The known avirulence genes in the bacterial spot pathogens of pepper and tomato 
have been cloned and the DNA sequence determined for most of them. Their study 
has improved understanding of pathogen host range and genetic resistance. Recently 
the complete genome of a strain of the pathogen also was sequenced, leading to a 
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better understanding of the mechanisms that allow a microbe to behave as a plant 
pathogen. 
2.3 Interaction of nematude with bacteria 
Plant-parasitic nematodes alone can sap the vitality of a plant, but they can 
also facilitate infection of additional pathogens. Plant-parasitic nematodes as primary 
pathogens favor establishment of secondary pathogens which alone cannot infect 
plant under normal condition. Primary pathogens induce changes in the host whereas 
secondary pathogens after infection by primary pathogen participate actively and alter 
the process of pathogenesis. Secondary pathogens generally colonize dead cells 
induced by primary pathogens (Mayol and Bergeson, 1969). 
Nematodes arc of tremendous important as a component of disease complexes 
because when plant is infected by one pathogens, its response to additional invaders is 
altered. These alternations exert significant influence upon disease development, 
etiology of pathogens involved, and ultimately on disease control. Ways in which 
nematodes participate in disease complexes include serving as vectors or agent of 
pathogen transmission, providing portals of entry, inducing ncerotie infection courts, 
modifying the physiology of host, breaking of host resistance to other pathogens, etc. 
Interactions between plant-parasitic nematodes and bacteria on different plants have 
been summarized in 'Cable 5. Plant disease complexes involving nematodes and 
bacteria have two types of relationships: 
(a) The expression of disease symptoms occurs only when both nematodes and 
bacteria are present together, neither pathogen inoculated separately 
reproduced the disease, 
(b) Each pathogen acts independently and not directly influenced by others; 
generally. nematodes enhance the incidence of disease. 
Atkinson in 1892, first reported an interaction of MeIoidogne spp. with 
Fusarium oxysponnn on cotton. However Hunger (1901) first reported the possible 
association between plant-parasitic nematodes and plant-pathogenic bacteria. He 
noted that tomato plants cultivated in nematodes-infested soil were severely attacked 
by Pseudononas so(anacearum, in comparison to those cultivated in nematode-free 
soil remained healthy. Came (1926) established that Anguina tritici is a carrier of 
Corynebaeterium trifici, the causal agent of yellow slime bacteriosis of wheat. 
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Table 5- Plant-parasitic nematodes and plant-pathogenic bacterial disease interactions. 
Bacterium Nematode 
Ahhe/cnc'huicles tra~uriae 
Role of nematode in bacterial disease 
Demonstrated that nematode and C. jnseians are 
Reference 
Crosse and Pitcher (1952). (7hn'ihactcr (('orynebaclerinnr) 
Jascians necessary to produce "cauliflower" disease of Pitcher and Crosse (19 8) 
strawberry. 
Pseudoinonas solanacearum Al.. incognita acrita Wounding of tobacco roots by nematodes larvae Lucas ct al.. (1955) 
facilitate infection of bacterium. 
P. carvoph}lli Meloidogine spp., Wounding of carnation roots by nematodes Stewart and Schindler 
Ilelicotylenchus nannus facilitate entry of Psenclomonas into the roots. (19 6) 
Agrobacteriiun rhizogenes Pratylenchus vulnus The bacteria may penetrate the roots of rose \1unnecke et al., (1963) 
through injuries caused by P. rulnus. 
C. michiganense subsp. Dit}'lenchus dipsaci Bacterium was transmitted to alfalfa by Hain (1963.1965) 
insidioswn nematodes. 
P. solanacearrun Al. hap/a. Stimulated by substituting mechanical injury for Libman et al.. (1964) 
11. nannus nematodes feeding on tomato. 
A, tumefaciens Al. javanica Nematodes increase crown gall incidence in Nigh (1966)  
peach. 
A. tume(aciens Al. hapla 	 Crown gall infections occurred only in presence of Griffin et al., (1968) 
Al.. hapla in two of the three raspberry cultivars 
evaluated.  
A. tume/aciens Al javanica Increase crown gall incidence of almond in the Orion and /utra (1971) 
presence of nematodes. 
C. tritici Anguina tritici Nematode is essential as vector of bacterium for Gupta and Swarup (1972) 
yellow rot disease in wheat. 
P. marginata M. javanica Nematodes increased severity in gladiolus scab. FI-Goorani et al., (1974) 
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C. michiganense Al incognita M incognita inercased bacterial canker on tomato. De Mfoura ei al., 11975) 
P iyrrngue Cricurmninidca.renunlas 	More extensive canker developed on plum trees Mojtahedi el ul.. (1975) 
infected with nematodes. 
P solanacearum M incognita acrira 	Nematodes kill potato roots and promote Jatala and Martin (1977 a, b) 
emergence of pathogenic bacteria. 
Alumkfaciens Pral4enchuspenctrans Galled root supported high nematode populalion 	'McElory(1977) 
in raspherry, 
1 rumefaciens Rulvienchrdur reniformia Speculated that nematode fucilitale Held infection 	Lele ei af, (1978) 
by bacterium in grapevine. 
P. solanacearum 	 U. incognua More number of egplants wilted (10 °%o) when the Reddy et al., (1979) 
nematode and bacterium were inoculated 
simultaneously. 
C. ráyi 	 Anguina sp. 	Toxin produced in the ryegrass plant dssu 	in Slynes el at, (1 979) 
rasponse to presence of bacterium. 
P. so/aracetirum M. intognila 	Caused synergistic effect on tomato will Nepiere and Quinio (198U) 
;ympto:ns, 
P. ma ginali!s, P. virid!flava lleiirotylenchus dihysterq 	Nematodes interacted with three Pseudomonads to Rookhindes et aL, (1982) 
P. corrugala M haplur P. pcuervans, 	'produce greater groxih reduorinus Than were 
D. diDaci 	obtained with single pathogen in alfalfa. 
A. radiobacrer vas, tumpfucims M ineggniIu 	Disease severity in eonoe increased in presence of 	Zutra and Orion (1987) 
nematodes. 
Pfluorescens Dirylenchurdipsaci Mixed inoculation showed that P. rworesce~i 	Caubel and Sanson(1984) 
peretmted the garlic plant tissues biter when D. 
Meloidogyne spp. 
dipaci was present. 
Nematode infestatior. changes the physiology of 	Chen 11984) Ralsunia solanacearum 
the plat causing susceptibility to bacterial will 
to tobacco, 
P. solanacearum biotype i 	a1. ialanicu The combined effects of bacterium and nematode Sitaramaiah and Sinha 
on eggplant were greater than independent effects (1984a, b) 
of either. 
Combined effects of two pathogens provided Swain etal. (1987) 
R. solanacearum 	.1i incognita synergistic effect on the development of wilt 
symptoms on eggplant 
Number of galls in both susceptible and resistant 
A. tumefaciens P. penetrans cultivar of raspberry increased with the increase in Wain and Copeman (1987) 
nematode inoculum. 
Tsolanacearion ;t1. incognita race I Nematode infection increased the severity of the Chindo etal., (1991) vascular wilt disease of tomato 
P. mindocina 	 M incognita 	Bacterium inhibited nematode multiplication on Siddiqui and Hussain (1991) 
tomato 
McClure and Spiegel (1991) Clavibacter sp. ; inguina,f mesta. A. tritei 	(larihacter sp. adhered to both Anguina Jimesia 
and .a. tritici in wheat, but differences in nature of 
adhesion were noted. 
A. t►unefaciens 	 ,v Incognita 	Bacterium stimulated development and El-Sheriff and El~tiakil (1991) 
reproduction of nematodes when applied to 
opposite split tomato root. 
A. vitis 	 M. hapla 	 Combined inoculation of grape wine roots with Sule and Lehoclky (1993) 
:11.{rapla and A.vitis resulted in an increase level of 
root infestation. 
P. solanacearum 	Al incagnitu 	Nematode enhanced bacterial 	ilt severity on jute. 	Bhagawati et al., (1996) 
R. solanacearum Af. incognita 	The damage to the ginger crop was more when If 	Ramana et ai.. (1998) 
incognita inoculated 40 days prior to bacterial 
inoculation. 
24 
P. solanaeeamrn 	M incognita 	Prescnec ofnematedes populaliou 10 days prior to 	Pathak et a?., (1999) 
bacterium accelerated the wilt disease 
development to the maximum n on banana 
R. solaaacearum M hwognila At hieh temperature, b1. incognita greatly Deberdl el al., (1999) 
R.ren;fnrmis increased wilt seventy in susceptible and 
resistance euluvars of tomato butthe R reniformis 
had no such effect 
I solanocearwn Al incognim Bacterial wilt was mote severe in potato plants Ateka et al., (2@01) 
infected with both pathogens is compared to 
plants infecled with K soiangceearum alone, 
l,iume;1ciens Me!oido 	'nespp. 	Root•knol nematodc and A tumefaciensgalls 	Rubio-Cobeasefnl,('_U01) 
were numerous and homoger,eoi.r under high 
inoculum pressure in Prunes sap. 
R.ao1anuven;trir Nematodes 	Diseasesso-  ctivirpotatoincreaseiibzcferiumis Stensbury'elal.,(20UI) 
found in association with mnl nematodes 
cbleloidog nc spp. 	•Contrnlli:ig Mfloidogyne spp. did not decrease Charcharel al, (2007) R. slsndeoaml 
bacterial inleetion incidence in potato 
R, solnnat'earu W. hapla Bacterium and nematode toge;h.r result !n Partridge (2008) 
increased incidence and disease severity in alfalfa 
In the presence ofbacceonm,nc'natoaesactivitics Ksulanacrurum Alincognira Hussain and Bora(2UU9) 
including population build up in soil and in roots 
were reduced in eggplasl. 
K sofa uctarum Al. incug~ita Simultaneous inoculation of both pathogens with Hlalleih el al,, (2009) 
Fusarium exhibited more e rly disease symptoms 
in Cdeur and Wirhania. 
2.4 Biocontrol 
Soil is extremely important for the maintenance of most life processes. It 
provides a natural resource for biotic and abiotic interactions. Microorganisms present 
in the rhizosphere play an important role in the maintenance of soil quality and plant 
health (Barea et al., 2005). Soil serves as a reservoir of nutrients and water for crops 
and also provides mechanical anchorage. 
2.4.1 Rhizosphere 
The rhizosphere is the zone surrounding the roots of plant in which complex 
relations exist among the plant, the soil microorganisms and the soil itself. It harbours 
a large number of microorganisms, some of them are pathogenic and other are non-
pathogenic. Every rhizosphere soil has an antagonistic potential against specific 
pathogenic microorganisms (Sikora, 1992). Microorganisms with antagonistic 
potential may be used as biocontrol agents in disease management. 
Disease suppression by a biocontrol agent is the manifestation of interactions 
among the plant, the pathogen, the biocontrol agent, the microbial community on and 
around the plant, and the physical environment. Riocontrol of plant diseases is 
particularly complex because these diseases mostly occur in the dynamic environment 
at the interface of the plant root as well as in the aerial parts of the plants. Numerous 
recent reviews present comprehensively the role of variety of microbial hiocontrol 
agents (Weller, 1988; Handelsman and Stabb, 1996; Siddiqui and Mahmood, 1996. 
1999; Whipps, 2001; Weller et al., 2002; Bakker et at, 2003; Siddiqui, 2006) in 
disease management. Among the rhizosphere microorganisms, AM fungi and other 
phosphate solubilizing microorganisms have received considerable attention in the 
biocontrol of plant pathogens. 
2.4.1.1 Arbuscular mycorrhizal (AM) fungi 
The word mveorrhiza was first used by German researcher Albert Bernard 
Frank (Frank. 1885). It originates from the Greek word `myoos meaning `fungus' and 
`rhiza' meaning 'root'. Among the different types of mycorrhiza, arbuscular 
mycorrhiza is the most common and forms underground symbiotic association with 
roots, It is characterized by the bidirectional movements of nutrients, when carbon 
flows to the fungus and different nutrients move to the plant. AM fungi are obligate 
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svmbionts lacking septa. These are geographically ubiquitous and occur over a wide 
range of agroclimatic conditions. AM fungi have the widest host range and it is 
estimated that about 80 % of vascular plants establish mutualistic relationship with 
AM fungi (Smith and Read. 1997. Siddiqui el al., 2008). The AM association has 
been observed in 200 families of plant representing 1,000 genera and about 3,00.000 
plant species (Bagyaraj. 1991). 
The AM fungi are included in the phylum Zygomycota. order Glomales 
(Redecker et al.. 2000) but they have been placed into the phylum Glomeromycota 
(Schussler cat al.. 2001 ). The Glomeromycota is divided into 4 orders. 8 families, 10 
genera and 150 species. The common genera are lcaulospora. Gigaspora. Glonncs 
and Scutellospora (Schussler. 2005). The AM fungi are characterized by the extra 
radical mycelium and branched haustoria like structures within the cortical cells 
termed as 'arbuscules'. These are the main sites for nutrient transfer between the two 
symbiotic partners (Hock and Verma. 1995: Smith and Read, 1997). The network of 
these ramifying hyphae supplies the plant with extensive supplementary pathway for 
absorhimi mineral nutrients and water from the soil and it can facilitate mobilization 
of poorly mobile elements such as phosphorus, ammonium. zinc and copper (Smith 
and Read, 1997: Siddiqui and Mahmood. 2001). Role of AM fungi in the management 
of nematode and bacterial disease have been summarized (Table 6 and 7). 
2.4.1.2 Other phosphate solubilizing microorganisms (PSM) 
the microorganisms which offer a biological rescue system capable of 
solubilizing the insoluble inorganic phosphorus (P) of' soil and make it available to the 
plants called phosphate solubilizing microorganisms (PSM). Such microbes not only 
assimilate P but a large portion of soluble phosphate is released in quantities in excess 
of their own requirement (Tilak et u(., 2005). The rhizosphere is subject to dramatic 
changes and the dynamic nature of the rhizosphere creates interactions that lead to 
biocontrol of' diseases (Rovira. 1991. Siddiqui. 2006). PSM enhance seedling 
emergence. colonize roots and stimulate overall plant growth and also improve seed 
germination, root development, mineral nutrition and water utilization. I he 
manipulation of the crop rhizosphere by inoculation with PSM for hiocontrol of plant 
pathogens has shown considerable promise (I landelsman and Stabb 1996. Weller et 
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a/., 2002: Nelson, 2004). Role of PSM in the management of plant pathogens have 
been summarized (Tables 8 and 9). 
2.4.1.2.1 Siderophore production 
Iron is an essential nutrient for all living organisms. In the soil it is unavailable 
for direct assimilation by microorganisms because ferric iron (Fe III), which 
predominates in nature, is only sparingly soluble and too low in concentration to 
support microbial growth. To survive, soil microorganisms synthesize and secrete low 
molecular-weight iron-binding compounds (400-1,000 daltons) known as 
siderophores. Siderophores bind Fe III with a very high affinity. The bacterium that 
originally synthesized the siderophores takes up the iron siderophore complex by 
using a receptor that is specific to the complex and is located in the outer cell 
membrane of' the bacterium. Once inside the cell, the iron is released and is then 
available to support microbial growth. Plant growth promoting rhizobacteria (PGPR) 
can prevent the proliferation of bacterial and other pathogens by producing 
siderophores that bind most of the Fe III in the area around the plant root. 'l'he 
resulting lack of iron prevents pathogens from proliferating in this immediate vicinity. 
The PGPR out-compete the pathogens for available iron, thus causing death of the 
later. Plants are not affected by the localized depletion of soil iron as most plants can 
grog\ at much lower iron concentrations (about 1000 fold less) than microorganisms. 
Microbial siderophores vary widely in overall structure but most contain 
hydroxamate and catechol groups which are involved in chelating the ferric ion 
(Neilands, 1995). The involvement of the siderophore in disease suppression is based 
on: 
• Inhibition in the antagonistic activity of PGPR by addition of dissolved ferric 
ion in vitro and in vivo. 
• Ineffectiveness of siderophore minus PGPR mutants to suppress pathogens. 
• Inhibition in the growth of pathogens in vitro and increase in plant growth by 
purified siderophores. 
Suppression of soil borne plant pathogens by siderophore producing pseudomonads 
was observed (Bakker et al.. 1986, 1987: Becker and Cook, 1988: Loper, 1988) and 
the wild type strain was more effective in suppressing disease compared to non- 
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siderophore producing mutants. Siderophore production is an important feature for the 
suppression of plant pathogens and promotion of plant growth. Fluorescent 
siderophore production was observed as a mechanism of biocontrol of bacterial wilt 
disease in the fluorescent pseudomonads RBL 101 and RSI 125 (Jagadeesh et al., 
2001). Press et al., (2001) reported the catechol siderophore biosynthyesis gone in 
Serratia marocscen 90-166 and associated with induced resistance in cucumber 
against anthracnose. 
The capacity to utilize siderophores is important for the growth of bacteria in 
the rhizosphere (Jurkevitch ei al; 1992) and on the plant surface (Loper and Buyer, 
1991). Specific siderophore producing Pseudornonas strains rapidly colonized roots of 
several crops and colonization of roots resulted in yield increases (Schroth and 
Hancock, 1982). Enhanced plant growth caused by pscudomonad strains was often 
accompanied by the reduction in pathogen populations on the roots. There is 
convincing evidence to support a direct role of siderophore mediated iron competition 
in the biocontrol activity exhibited by such isolates (Leong, 1986; Loper and Buyer, 
1991). The antagonism depends on the amount of iron available in the medium, 
siderophores produced by a biocontrol agent and sensitivity of target pathogens 
(Klocpper et al., 1980; De Weger of al., 1988). Production of ALS 84 and siderophore 
may contribute to the biocontrol or crown call by Agrobacierium rhizogenes K84 
especially under conditions of iron limitation (Penyalver et aL, 2001). Iron nutrition 
of the plant influences the rhizosphere microbial community structure (Yang and 
Crowley, 2000) and the role of the pyoverdine siderophore produced by many 
Pseudomonas species has been clearly demonstrated in the control of Pythium and 
Fusarium species (Loper and Buyer, 1991 Duijff et al., 1993). Pseudomonads also 
produce two other siderophores, pyochelin and its precursor salicylic acid, and 
pyochclin is thought to contribute to the protection of tomato plants from Pythium by 
Pwudomonas aeruginosa 7NSK2 (Buysens et al., 19%). Different environmental 
factors can also influence the quantity of siderophores produced (Duffy and Defago, 
1999). 
2.4.1.2.2 Rout colonization 
Root colonization is important not only as the first step in pathogenesis of soil 
borne microorganisms but also crucial in the application of microorganisms for 
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beneficial purposes (Lugtenberg et al.. 2001). PGPR generally improves plant growth 
by colonizing the root system and pre-empting the establishment of, or suppressing 
deleterious rhizosphere microorganisms (Schroth and Hancock, 1982). PGPR must he 
able to compete with the indigenous microorganisms and efficiently colonize the 
rhizosphere of the plants to be protected. Colonization is widely believed to be 
essential for biocontrol (Weller, 1983; Parke, 1991) and a biocontrol agent should 
grow and colonize the surface of plant. The ineffectiveness of PGPR in the field has 
often been attributed to their inability to colonize plant roots (Beniziri et al., 2001; 
Bloemberg and Lugtenberg, 2001). Colonization or even initial population size of the 
biocontrol agent has been significantly correlated with disease suppression (Parke, 
1990; Bull et al., 1991). 
Use of confocal laser scanning microscopy (CLSYI) in combination with 
organisms differentially labeled with auto fluorescent proteins (AFPs) allowed the 
simultaneous visualization of both the pathogen and the biocontrol agent on the root 
under disease controlling conditions in the gnotobiotic system. Seedlings grown in a 
gnotobiotic sand system infected with pathogen and biocontrol agent may be studied 
via in vitro setup. These studies may contribute to our understanding of root 
colonization and biocontrol processes. 
A variety of bacterial traits and specific genes contribute to colonization but 
only few have been identified (Beniziri et al., 2001; Lugtenberg et al.. 2001). These 
include motility, chemotaxis to seed and root exudates, production of pill or fimbriae, 
production of specific cell surface components, ability to use specific components of 
root exudates, protein secretion and quorum sensing (Lugtenberg et al., 2001). 
Competition of introduced bacteria with indigenous microorganisms already present 
in the soil and rhizosphere of the developing plant is another important aspect for root 
colonization. 
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Table 6, Effect of AM fungi on the root-knot nematodes and plant grms1h. 
AM fun i Nematode Effeel Reference 
Gimmwy mosseue, Aeuulospora Meioidoeyne incognim Individually all the AM fungi reduced nematode 	Anandaraj el al., (1990) 
Iaevis, G- fascieulatum, reproduction but the highest reduction was caused 
G~gaspora rnargarila by A, Iaevis on black pepper. 
G Jascicularurn, G. eamicanim M incggrila Significantly reduced the galling and nematode 	Sivaprasad e 	 l.. (1990) 
population when pepper plants were prc- 
inocuated with AM fungi. 
G farciculawn M incognita Prior inoculation of AM fungus reduced the Devi and Cossemni (1992) 
nematode population on eowpca, 
G. ij'usoculahwi b9.;avaaica nematode population was inhibited in Sundarababu et al., (1993) 
myconrhiral tomato. 
Giomus sp. R..javanica Nematode popularion was significantly lower on Duponnois and Cadet(1994) 
myeorthizal5aheiian acacia than non 
m torrhizal once. 
Gfoscicula!um Mineognira PriorinocuiationofAM fungus reduced 	Sinkaranarayananand 
nematode population on 61uckgnm. Sundararbabu (1994) 
G. fir,cictda!lvlrt, C masseae 11. incognha Prior inocula!iuns of AM Iimgi udverst1y affected 	Sharma and T;ivedi (1994) 
the nematode population than simultaneous 
inoculation but the highest reduction was caused 
by G. jnscicula!um on brirjal. 
Inoculation of AM fungus supprossed gall index 	AI-Racdad (1995) G. nmsecae i1?, Javanica 
and n nk of galls per root system on tomato. 
G. (asciculalum 	d9, incognita Reduccd the ncmatodc population ou chickpea. Rao and Krislmappa (11995) 
U. macrocarpum 	,b1. incognita 	Prior inoculation of AM fungus caused signilicant Sundararaju ei al.. (1995) 
reduction in galling and nematode population on 
subabul. 
G. margarita. G. et►micatum M arenaria Inoculation of AM fungi caused decrease in Carling et al., (1996) 
galling and egg production on peanut. 
G. fasciculatinn M incognita Prior inoculation of AM fungus reduced the Mishra and Shukla (1996) 
galling and also improved the NPK uptake on 
tomato. 
Significant)' reduced galls and number of eggs G. fasciculatrim ;tit incognita Rao et al.. (1996) 
per egg mass on tomato. 
G. mosseae Y incognita Reduced the galling and nematode population on 	Jaizme-Vega et al.. (1997) 
banana 
G. fasciculatum M incognita AM fungus had adverse effect on nematode Mishra and Shukla (1997) 
population on tomato. 
G.mosseae Al. incognita Significantly reduced the nematode population on Nagesh and Reddy (1997) 
('rossanch•a ►rndulae olia. 
G. intraradices M. )ar'anica AM fungus had no effect on nematode population Pinochet et al.. (1997) 
on babana. 
G. deserticola M incognita Reduced the nematode multiplication on tomato. Rao etal.. (1997) 
G. fasciculatum M incognita Reduced the nematode population on blackgram. Sankaranarayanan and 
Sundarababu (1997a) 
G. mossearc MN incognita AM fungus had adverse effect on nematode Sankaranarayanan and 
population on blackgram. Sundarababu (1 997b) 
G. mosseae, G. fasciculatum H incognita Reduced the nematode population but the highest Sharma and Trivedi (1997) 
reduction was caused by G. mosseae on okra. 
G. mosseae af. javaniea Reduced the galling and nematode multiplication 	Siddiqui and Mahmood 
on chickpea. 	 (1997) 
G. faseieu!atrun Al incogn m 	Prior noeulatimt of AM fungus had the adveae 	Jain et al., (I Q9) 
effect on galling and nematode multiplication on 
barsecm. 
G. rnosseae Al inrognira Reduced the ne natode population on hrinjal but 	Rao rl al., (1998a) 
use with P iilaeinlr_r gave better results. 
rifaseicluatum 4! incognita Signftlmnly reduced nematodepopulationon Rao etal_(19986; 
brinjal but the results wcrc more pronounced 
when used with castor cake. 
G deaerticola 	Al. incogniln Nematode population was inhibited on tomato. Rao and Gowen (1998) 
G faacicuiarum 	 Al 	 Hid adverse effect on nematode mulliplicaliuH oil 	Ra~ and Dak 111998) 
green gram. 
G mosseae 	 W. incognita 	Significantly reduced the galling and nematode Reddy etai., (1998) 
nnaliplication on:onmto. 
G. mosseae, G (rincnlafam 	M incognita 	Inoculation of AM fungi reduced gall index and Sankaranamvanan and 
nenia1ode population on H1ackgram- Sundarahahu (1998) 
G. Juscicalahun M incog rile 	Nematode population was inlubited an eostipea. Sandhi and Sundarababu 
(1998) 
G. mosseae ,9djavanica Reduced the nematode multiplication or, tomato. Siddiqui and Mahmood 
(1998) 
C. nrosseae, G. juseicrrialum M incognita Individually all the AM fungi had adhorse effect Nagesh ei al., (1999a) 
C. i'urtradices, A. iaevis on nematode population on Crossandra 
unauiae(olia. 
(2 fuseieu)u nm M incognita Reduced nematode multiplication on tomato. nagesh rl aL,11999b1 
G. aggregaruni, G_ fa.rcicu2mum. Al, incognita Inoculation of all AM fungi reduced the Pandey et al, (1999) 
G. mosseae nematode population but the highest reduction 
wa3 caused by G. oggregotunr on Hioscyamus 
Niger. 
G. mosseae 	 Y incognita Reduced the galling and nematode multiplication 	Rao et al., (1999) 
on tomato. 
G. mosseae .tl incognita Had adverse effect on nematode multiplication on 	Sankaranarayanan and 
black gram. 	 Sundarababu (1999) 
G. elumcatuni M incognita Reduced the nematode multiplication on tomato. 	Bhagawati etal., (2000) 
G. mosseae AL incognita Adverse effect on nematode multiplication on 	Bhat and Mahamood (2000) 
tomato. 
G. mosseae ; I1. inco nita Reduced the nematode population on okra. 	Jothi et al.. (2000) 
G. fasciculaiuni, G. mosseae ,1f Incognita I lad adverse effect on nematode multiplication 	Jothi and Sundarabahu (1000) 
G. intraradices, G. iii/mm but the highest reduction was caused by G. 
mosseae on brinjal. 
G. mosseae otI javanica Significantly reduced the galling and nematode 	Siddiqui and Mahmood 
multiplication but the effect was more 	(2000) 
pronounced when used with ammonium sulphate 
on tomato. 
G. intraradices, G. mosseae, :Ii javanica Inoculation of all the AM fungi had the adverse 	Calvet et al.. (2001) 
G. etunicamm effect on nematode population on peach almond 
hybrid GF-677. 
G. mosseae :11 incognita Reduced the nematode population on brinjal. 	Jothi and Sundarababu (2001) 
G. mosseae .t1 javanica Reduced the nematode multiplication on 	Siddiqui and Mahmood 
chickpea. 	 (2001) 
G. mosseae ;4I. incognita Reduced the nematode multiplication on chilli. 	Sundarababu eta!,, (2001) 
G. mosseae Al. incognita Had adverse effect on nematode population on 	Talavera et al., (2001) 
tomato. 
G. elunicatum Isolate (KS18) ti hapla Significantly reduced the nematode multiplication 	\ aceke et al., (2001 
G. mosseae Isolate (KS 14) but the highest reduction was caused by (i. 
mossea.' on Ptrethr►on, 	- 	 1 
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G. masxae, G, maerocarpum 14 jovanico 	Had an adverse, effect on nematode multiplication 	Elsen eta!, (2UO2) 
G. cakilanicum on Alva, 
G7omns moss'eav~ M incognila 	Reduced the nematode population on brinjal. 	Jothi and Sundarababu (2002) 
G.fuseiculalum, M. incognita 	lnaco1ut!Dm of all the AM fungi reduced the 	Labeena el al., ((2UO2) 
G. macrocarpum. nematode population on tomato hut the highest 
Gigarp  ova margarita, A. laevis reduction was caused by G, fa cic !atlnn, 
5cf zrogshs uuaaii 
G. mosa'¢oe M. incogniiu Reduced the gulling and nematode multiplication Shall el al., (2002) 
on tomato but use of .AM fungus with DAP gave 
the better results 
Glomu.r sp. (KU) di. hap(a Signihcantlp suppressed the nematode Waeeke e! a)!,12N12) 
multiplication on Pyrethrum. 
G. liiseieula!um Reduced galling and nanatode pepulation on 
brinjal.. 
Borah and Phukaj (2003) t9 inaogni!a 
G coronatum M ineognila 	For inoculation of AM fungus reduced the Diedhiou e! ad, (2003) 
nematode infestation on tomato. 
G mDvcxce, G, imraradiees 34. ineogrti!a 	Inoculation of all the AM fungi reduced galling lain and Trivedi (2t)01) 
6, f ascicuI Turn. and nematode population but the highest 
Gigaapora gilmoi ieduct on was caused by G, masseae on eaiekpea. 
G. fascicuiaham 	 M incognita Reduced the nematode population of tomato 	Pi idhan et al., (2003) 
G mntseaa 	 M ineogni!a Reduced galling on okra. 	 Sharma and Mishra (20U3) 
Reduced the mmatode population but the highest 	hehra (2004) G, fareieulatm, G, musseae 	U incogni!a 
reduction 'is cause 	byGjaieira(nhimon 
ginger.  
Cr iuharadkcs 	 U hapla Reduced the number of galls and egg-sacs on 	hlasadeh et al, (2004) 
tomato cv.'Flildar s 	but the bioconlrol of 
nematode was achieved in cv.'Tiptop'. 
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G. aggregarum JM Incognito Significandpreduced the nematode poprlation on 	Pandey (2'3U5) 
Mentha anens'is 
Reduced the nematode population on tomato but 	Kantharaju el ui., (2005) G fasricalalum Al. incognita 
SBI-G.f isolate was most effective than CTI-GS.. 
Isolate. 
G. mosseae G. maniho!is M incognita Significantly reduced galling in nematode 	Jaizme-Vega eta;.. (2006) 
inoculated papaya dams. 
G. Otossclle, Al, incognita 	G mosaeae was loumd better in improving plant 	Siddiqui and AkLar (2(JU?a) 
Gigaspora margari[a growth and reducing galling and nematode 
multiplication than G margarita on tomato but 	i 
the results was more pronounced when used w th 
poultn manure than any orher organic manure. 
G. baroradicees, ;W. inogniia 	Individually all the AM fungi had adverse eltiect 	Zhang etal., (2UU8) 
G. mossene, G. reus;founc on n¢matode population on cucumber. 
Scutehospvra helerogu a Al. incognita race I 	Prior inoculation of AM -ungus reduced the 	Anjos el al., (2U10) 
nematode infestation on sweet passion fruit. 
C. masreae Al. incognita Reduced gallng on eowpea toots. 	Qdevemi et al, (2Ul ) 
~U71016W sp, Gigaspoia sp. Reduced nematode population on sponge gourd, 	Hajra et al„ (2'()13) 
Inhibiled gal] formation and egg-mass production 	Cdo e! al„ (2013) 
M, i'cogmui 
AM Fungi M inrIEO race I 
on tmnato. 
Table 7- Effect of A\1 fungi on the bacterial diseases and plant growth 
,111 fungi 	 Bacteria 	 Effect 
	
Reference - 
Vesicular airhuscular 	Psenclomuncrs AM fungi reduced bacterial wilt infection of 
	
Ialos and Lorrila (1979) 
nnvcorrhizal (VAM) fungi 	solanucecn'eun 	tomato and increased growth and yield. 
(ilomus margarita 
G. mosseue 
Xanihomonas ccunpesiris 	Gloinus mu►;garitu pot cultures harboured more 
pv. vignicola 	actinomvicetes antagonistic to the 
phytopathogenic bacterium .faanthomonus 
campcsiris pY. vignicolcr. 
Frrriniu carotoi'oru 	AM fungus protected tomato plants against F. 
carolovora. 
Secilia and Bagyaraj (1987) 
Garcia-Garrido and Ocampo 
(1988) 
VAM fungi Pseudomonus syringae The damage due to bacteria on tomato Garcia-Garrido and Ocampo, 
significantly reduced when the plants 	ere well (1989) 
P. solanaceurunt 
colonized by mycorrhiza. 
Extracts from mvcorrhiral tomato roots intcsted 	Suresh and Rai (1991) G. JiscicuIaium 
with AM fungus reduced the population of P. 
solcnac'euruin. 
G. mosseac 	 P. solunaceuruin AM fungus showed potential in decreasing Brown etal., (1996) 
bacterial wilt incidence on three varieties of 
tomato and two varieties of eggplant. 
G. mosseae. G. /usciculutum 	P. solanncearion G. mosseue followed by G. fcisciculutum found Sood et al., (1997) 
to be highly effective in promoting pennination 
and seedling vigour and completely control the 
bacterial will disease of tomato cv. Roma. 
G. versilonne 	 R. solanacearum 
	
Localized and systemic increase of phenol in 
	
7.hu and Yao (2004) 
tomato roots induced bs AM fungus inhibited R. 
sDlumceeram inlection. 
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G. mosseae 	R. sulanacearum Bacteria growth negatively affected bs using Tahat et al., (2010) 
serial volume of root exudates produced from 
corn and tomato plants mixed with AM fungus. 
G. mosseae R..colanacearirm 	Individually and in combination with P. Ambardar (20(1) 
(Gml. Gm2. Gm3) f h►orescens, AM fungus reduced wilt disease 
significantly in tomato cv. Solan gola and 
BWR-5. 
G. mosseae, R. sokmaceco-uun 	Indiv-idually all the AM fungi reduced wilt Tahat et al.. (2012) 
Scutellospora sp., incidence on tomato plant but the highest 
Gigaspora margarita reduction caused by G. mosseae followed by 
Scutellos ora sp. and G. margarita. 
G. fascicufat►rm R. solanacearien 	Combined inoculation of G. fasciculatrrm with Singh et al.. (2013) 
Pseudomonas monteilli reduced the wilt disease 
incidence in Coleus f(►rskohlii. 
Table 8-Effectof other PSMIPGPRonroo f- knot nematode and plant grov h- 
PSM; PGPR Nematode 	Effect Reference 
Bacillus lienenifnrmis, Meloidogyne B. Iicheniformis caused greater reduction in nematode Siddiqui and Hussain (1991) 
P. mindocina incognira multiplication than P. riinducina on tomato, 
Siddiqui and Mahmood B. lichenfformis, M incognita B. licheniformis caused grater reduction in nematode 
Aka?igenesfueca(is multi lieationthan.4,(ieralisanchick ea. (1992) 
B. rereuy d4javanica Inhibit d pnetratiou of nematodes on tomato roots. Oka et al., j 19931 
&s thiths Al. lnrognira B. subthis reduced nematode mul'iplication and improved Siddiqui and Mahmood 
race 3 groh of chickpea. (1993) 
B.suhafis A! incognita Reduced nematode popuIatior lation on tomato,. Gautactulal..(1995) 
B.,su6[I!rs M, incognita Seed Treatmentwith bacteria reduced nematode Siddiqui andhlahmood 
race 3 multiplication on chickpea. (1995) 
Endophytic A! incognita Reduced galling of eotloi roots by root-knot nematode. Hallmonn etal., (1997) 
bacterial swain' 
Meloidolyne 	Inhibited invasion of.Meioidogyn¢ sp. inbmrana,maizeand l'seutmunapui/dn.P. Aalieaelal..(1998) 
f nnresrens spp. 	tomato, 
P.flunrescns M.javanica 	Reduced nematode multiplicion and mo>phometnesof,1f. Siddiqui and Mahmood 
javanieafemalesontumatoindifferentsail, (1998) 
F, Jluorescens PRS9, 69. incognito 	Reduced the galling and nematmje population on tomato. Khan and Akram (2000) 
B. polymyw 
B. sub:ili), Y. incognita Reduced the number of galls per root system, egg-mass Khan and Kounsar (2000) 
Azotobocerchroococcum, production and nematode population on mum; bean. 
A?0 	lri1iiM if oferppl 
B. suhrilis Mjaoaniea Greatest growth of tomato and high reduction in nematode Siddiqui and Mahmuba 
multiplicatioii ooeumcd whclr 	rcioniuru sulphate was used (21100) 
with B, suuhtilis and G, mo.sseae. 
P. aern inasa b1. 'avanica Reduced the galling and nematode pepularion on tomato. Siddi uiet al., 200h) 
P. acre inoaa M. inea nua Reduced the galling on tomato. Siddi ui and Ho ue 2001) 
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P. fluorescens, M javanica Use of P..1luorescen. 	ith Glumas mosseae was better in Siddiqui and Nfahmood 
A. chroococcunl, improving chickpea growth , reducing galling and nematode (2001) 
;f:ospirilhunr brasilence, multiplication than other combination of rhizobacteria and 
RIk11l(In1 sp, G. Inosseae root svmbionts. 
P. f luorescens M incognita (iRP3 strain was better in reducing galling and nematode Siddiqui etal., (2001) 
(strains GRP3 multiplication than PRS9. 
and PRS9) 
P. fllroreseen a1. in fo nila Seed treatment significantly reduced the galling on okra. Devi and Dutta (2002) 
P. jluorescens, M incognita Best management of ,tI.. incognito on brinjal was obtained Siddiqui el al., (2002) 
,1. hrasilence, hen Microphos culture (mixture of 1'. straita,13. pohIn vxa 
A. chroococclmr, and •1spers,►illn roramori) was used with A. chrootoccun 
Microphos culture and A. brasilense. 
P. aeruginosa, P. Iluorescen M javanica flare root dip or soil drench treatment reduced nematode 	Siddiqui and Shaukat (2002) 
penetration into tomato roots. 
P. jluorescens CHAO M. javanica Use of ?. f l uorescens with ammonium molvbdate reduced 	Hamid et al., (2003) 
the nematode penetration in mung bean. 
:fcotobacter was better in reducing galling than 	Sharma and Mishra (2003) A. chroococcurn, M. incognita 
A os irillum sp. : f os irillium sp. in okra. 
P. jluorescens, Y. incognita Greater biocontrol of .1f. incognita was observed on tomato 	Siddiqui and Mahmood 
A. chroococcum, plant straws when P. jluorescens was used with the straw of Zea ►nags or 	(2003) 
A. chroococcunl is used with the straw of P. t}p hoides. 
P. jluorescens, Al. incognita P.,/luorescens was better at improving tomato growh and 	Siddiqui (2004) 
A. chroococclun, reducing galling and nematode multiplication than A. 
,Izospirillumbrasilence 
Af ineo~nita 
chroococcum or A. brasilence 
P. striata Reduced reproduction of .t incognita on pea. 	 Siddiqui and Singh (2005) 
Bacillus and 11. Incognita Four isolates of Pselldo►nonas and 2 of Pacillres (Pa70. Ptl $. 	Siddiqui et al., (2005) 
Fluorescent Pal 16, Pa3-14, B18 and B160) were considered potentially 
Pseudotuonads isolates useful for the biocontrol of nematodes on pigeonpea. 
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13revihacillus hreris, 	;I i.. jilvanica 	f'se of 137 strain as seed dressing or soil drench was found to ! Li et al., (2001) 
R. suhillis 	 be most of ecti~e in reducing nematode population on lilting 
bean. 
Fluorescent 	If incu'ni1a 	Out of 20 isolates, tour Isolates (Pf604. Pf605, Pt611 and Pa Siddiqui and Shakeel (2006) 
Pseudomonads 616) have the bioconlrol potential but isolate P1605 caused 
greater reduction in nematode multiplication than other 
isolates used. 
P. panda, 	 Al incognita 	Inoculation of plants %pith P. putida most el1ectivcly reduced Akhtar and Siddiqui (2007) 
Pcknihaeillns pal 'nissxa 	 galling and nematode multiplication than P. pohvmlrcr on 
chickpea.  
P. aeruginosu 	:If incognita 	P. aerliginosa caused a significant reduction in galling and 	Siddiqui and Akhtar (2007b) 
nematode multiplication on chickpea. 
P. i►Icaligenes. 	.tf incognita 	P. alcalenes caused a greater increase in dry shoot weight 	Akhtar and Siddiqui (2008b) 
B. p►n►i(ns 	 in chickpea plants inoculated with nematodes than B. 
Pa~nihacilhus pal r►mxa if incognita Culture lillrate of 1'ucnihe►ci(hcs pollmt:rcr GI3R•I under in Khan et 
GBK-1 vitro conditions significantly reduced egg hatch and caused 
 substantial morlalit 	of M incognita juveniles. 
P. putida M. incognita Use of composted manure with P. putida was more Siddiqui and Akhtar (2008a) 
beneficial for tomato growth than the use of urea with 
V 
bacterium. 
P. putida It incoQniia Use of?. putida caused 39 % reduction in galling and Siddiqui and Akhtar (2008b) 
nematode multiplication on tomato. 
P. nctida 
I 
,t1. incognita 1 Combined use of neem leaf litter with P. put 	plus G. 
P 
Sidd iqui and Akhtar (2008c) 
q 
intrc,raclices was best in improving growth of nematode 
infected tomato. 
P. putida, P. alcaligenes. X11 incognita P. pari1Ia caused greatest reduction in galling and nematode Akhtar and Siddiqui (2009) 
Pseudomonas isolate Pa 28 multiplication followed by P. alcaligenes and Pa 28011 
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P aenibacilhccpoIimiva, 	41. incognita 	The greatest increase in growth of nematode inoculated 	Siddiqui and Akhtar (2009a) 
Paecilomrccs lilacinus. plants and reduction in nematode galling was observed when 
Burkholderia cepacia, B. 	 P. pol'imxo was used with P. lilacinus on tomato. 
siihtilis 
B. cepacia. B. suhtilis .I1. incognita Application ofB. cepacia caused 36%  increase in shoot dry 	Siddiqui and Akhtar (2009b1 
mass of nematode inoculated plants followed by B. subtilis 
(12 %) on tomato. 
10 isolates of Pseudomonas .11. incognita Fluorescent Pseudonionads isolates (PIl, Pat, Pall, Pad. and Siddiqui et al., (2009) 
and Bacillus Pf5) caused greater inhibitory effect on the hatching and 
penetration of .11. incr'nita than Bacillus isolate (B1. B2. 
B;. B4 and BS) on pea. 
P. putida. P. alcaligenes J1. javanica I Individually all the PGPR strains significantly reduced the Siddiqui and Akhtar (2009c) 
disease severity in chickpea. 
B. thuringiensis. .I1. incognita Results of in vitro and in vivo experiments showed all tested Ashoub and Amara (2010) 
P. Iluuorescens, bacteria significantly suppressed Al. incognita. 
R. Ic guar►inu.curion 
B. 	B. thuringiensis, Al javanica Complete suppression of root-knots on okra and mung bean Tariq and Uawar (2010) 
B. eereus, Rhizobium meliloti was observed when R. meliloti and 13. subtilis after 
multiplication on Rhi:ophora mucronala plant parts viz.. 
leaves and stein were used at I % w/ w, 
Pseudomonas sp. Al incognita Culture filtrates of endophvtic bacterial isolates viz., EB3. Vetriselkalai et al.. (2010) 
IEBIto FBS). FB16. EBI8 and EB19 significantly reduced the nematode 
Bacillus sp.1I:B9 to 1:11I S). population on okra. 
.tlet1ylobuoeriunv sp. (FBI 9) 
Pseudomonas sp. 	,ti. javanica 	Combination of bacterial strains 1.1'PFS6 (P2) and 7NSK1 
(P1) with Gloinus sp. caused greater reduction in gall 	Golzary et al., (2011) 
number and nematode penetration on tomato.  
1 scchi1QnvQnqv sp., 	ti. javunica 	Out of 15 strains of P,wuclomonas sp. and Bacillus sp., strain 1 ariq et al.. (2011)) 
Bacillus sp. 	RI! 31 showed  maximum morralits (i3 °'o) after 4 hr as 
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compared to control on tomato. 
• Pseudomonassp„ 	M. incognita Significanly reduced infcctivity rate of,1T incognita on Akhtareta!,(2012) 
Baedhis sp• Vignu mango hut maxima n inhibition of roof-knots (41.79 
%) was observed in plaits mimaImncoady treated with 2@ 
ml of both bacteria. 
Ba.il!us sp. 	 M. incognita Dual inoeuiatiors of AM fungi (G sersi forms, G mossae) Liu el ai.. (2012) 
plus PGPR provided greater control of uemal 	c and greater 
promotion of plant growth than single inoculations. 
P.fluorescensBICC6U2 ,M incognita Suppressed root-knot nematode by enhancing defence Mukherjee and SirJiaBabu 
mechanism Ikading to induced systemic resistance in cowpea (2013) 
and tomato, 
B. subfYis, B. Ihuriagien, s Al arenuria 	TreaIment of nemaficide, fungal and bacterial antagonists Mokbcl (2013) 
suhsp. ae 	~ti. Trichoderrna suppressed nematode reproduction 66 2-9.4 a%iii pot 
sp„ Furedan 10 G experiment and 70.0.99•8 % in field experiments on tomato 
oanatieidct 
B, megmerium, Al Incognita All rhizospheric microbes except C intraradices, displayed Saikia etal., (2011) 
P. fluero.cnans, nema~icidal potentials via ovicidal and larvicidal actions in 
T.virde,Paecilam}ces "iiro and resullcdin significant improvememin plant growth 
uIccvnis,G.iofraxudIecs paraietersofIVIIhania.sogeraev.Poshita. 
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Table 9- Effect of other PSM and PGPR on bacterial disease and plan( growth. 
Yn.'I r rl,rK _ Isacterna 	 l ulcer 	 ` 	Keterence 
Ralstonia so/anacearuun 	Pseudomonas strain \V 163 has shown 	Kempe and Sequeira (1983) Pse►ulo►nonas f luorescens 
W163 antibacterial activity against bacterial will of 
potato. 
Bacillus Polypiti:ra F16, R. solanacearum Reduced the bacterial wilt disease of tomato Aspiras and De La Crur (1985) 
P. fluorescens and potato. 
P. fluorescens uorescens Pseudomonas solanacearion P. /l uorescens as a soil treatment protected 90 Ciampi-Panno el al., (1989) 
% of potato seedlings against infection with 
bacterial wilt. 
P.11uorescens strain Pfcp P. solanacearum P. fluorescens reduced will incidence by 50 Anuratha and Gnanamanickam 
% in banana. 49% in brinjal and 36% in (199(J ) 
tomato in the field condition. 
Burkholderia (Pseudomonas) R. solanacearum Reduced the bacterial wilt incidence of Furava et al., (1991) 
ghonae tomato. 
B. subtilis NB?? 	R. solanacearnm Occurrence of bacterial wilt of tomato was Phae et al., (1992) 
suppressed remarkably when the cultural 
suspension of B. subtilis was poured into 
heavily infested soils. 
P.1lnorescens, B. suhlilis, R. solanacearnm Inoculation of PSNI isolates inhibited the Shekhai at et al.. (1993) 
Bacillus sp. growth of bacterial will pathogen on potato. 
Bacillus sp. 	 R. solanacearnm Reduced the bacterial wilt incidence of 	Da Silveira eta!,, (1995) 
tomato. 
Bacillus sp. P. solanacearum Bacillus sp. suppressed bacterial wilt of Silveira ei aL. (1995) 
tomato seedling. 
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P. _Iluorescens 41. 	 hi: 	pv. 
B. suhliIis 23 and 	 nnalvut'c'(11,111r, 
B. n►eutherirun 20. 	Rhi:r►CIonia sulufi, 
1'u.~uriru» ru.~in/ecl:an and 
I'erticillium du1►1iue. 
P.11uc►rescens 41 and liudillu. subtilis 23 
were the most efleclive antagonist among all 
bacteria and had the stimulating effect on 
seedling emertience. early proth and yield 
of Cotton, 
Sail) a ov c'1 u1., (1991) 
Slreptorn►'ces m lahilis 
	
R. so/anceurucn 
	
Reduced the disease se eritv in tomato. 	(a-Shanshoun- etal., (1996) 
P. fluorescens Pf i i2 
	
R. , olanacearu,n 
	
Suppression of bacterial will disease of 
	
klulya et al.. (1996) 
tomato h~' root dipping kith P.11norescens 
PI(i 32. 
B.pra►inlis(I\R7) 	P.. rin,'ue 
Pseutionionus QCrukJino.tiu 
	
R. sulUrIecurtu» 
ATCC7700 
P. huuorescens 1308 
	
R.sulcuicrceurtun 
P. fluorescens 	 F eurolovora 
B. subtilis BS 107 	 E. carolovora subsp. 
1llrO.ceglic'a. I:. c'ao'O1cl'oru 
subs . caroiorora, 
Bacillus sp. 	R. sobwecrumm 
P. aeruginosa (7\5K2) 	I P...;vringae 
Significantly suppressed angular leaf spot 
disease on cucumber. 
Significantly reduced the bacterial wilt 
disease severity in tomato. 
P,Aeuclonranas strain BC8 showed 
antagonistic aelllllc against bacterial «ih of 
Bacteria reported to prevent rotting of potato 
tubers. 
13S 107 strain of Bacillus subtilis suppressed 
potato blackleg and soft rot bacteria. 
BceiIluae sp. protected tobacco plants from 
wilt disease. 
Reduced the severity of disease on bean. 
\1'ci et al.. (1996) 
Furava el aL. (1997) 
Ciampi el al.. (1997) 
Burr ct al.. (1978) 
Cronin et al.. (1997) 
Sharga and LT-on (1998) 
Liu el al. (1999)  
De Meyer el aL (1999) 
B. ptnnilus (T4) 
	
P. svringae pv.tahaci 	Suppressed the wildfire disease of tobacco. 	Park and Kloepper (2000) 
Fluorescent pseudomonad 	A. soIwncecuuin 
	
Strain RDV 107 of fluorescent pseudomonad Jagadeesh (2000) 
suppressed the bacterial wilt of tomato. 
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B. cereus, P. fluorescens R. solanacearum Solarization of soil amended with Kumar and Soud (2001) 
antagonistic bacteria for 8-10 weeks during 
summer considerably reduced the bacterial 
milt. 
B. suhtilis X ori'ae Inhibited the growth of bacteria, the causal 	Lin etal.. (2001) 
agent of bacterial blight of rice in vitro by 	\Vu et al., (2009) 
secreting antimicrobial peptides. 
V 
P. Iluoreseens R...olanacearurn Soil drenching by P. Iluorescens suspension 	Jinnah et al., (2002) 
contained 10 cfu ; ml controlled bacterial 
wilt and increased yield of tomato. 
Bacillus sp. R. solanaceariun Significantly suppressed the bacterial wilt 	Jetiyanon and Kloepper (2002) 
incidence of tomato. 
B. subtilis, P. f uorescens X. ory.ae pi,. onyae Both bacteria showed antagonistic activity 	Manmeet and Thind (2002) 
against X ory.ae causal agent of bacterial 
blight of rice. 
B. cereus, P. f luorescens R. solanacearum In a moderately resistant genotype of tomato 	Kumar and Sood (2002) 
(EC 191536) there was complete control of 
wilt when seedlings treated with antagonistic 
bacteria were planted in soil amended with 
sodium nitrate or potassium nitrate. 
B. amyloliquefaciens, B. puunilus I campestris pv. 'l'he three Bacillus sp. reduced the incidence 	Wulff etal.. (2002a) 
B. subtilis ccoHpesfris of black rot in the seedlings of cabbage. 
Among the three. highest reduction was 
showed b~' B. pumilus follostied by B. suhtilis 
and B. mmtloli uel aciens. 
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B. subilis Isolate, R. solanacearum Pseudomonas frrescens (P15) Ahd El-Sayed ei al., (2003) 
P funresc¢ru 3 isolate and Slreptomrra.+ griseociridis isolates were 
Slrepiomyvee sp. 3 isolate the most effective in the ratoaliDn of the 
disease sevcrily and in increasing disease 
hiocontralon potato, 
Fluorescent Pseudomonad R. solanacearum Isolate PI was found to be mosteffeetive Meenakumari era)., (2003) 
(isolate PI, P13 and 1'l l) followed by P'. i and PI1 in suppressing 
bacterial will of tomato and duili. 
Bacillus sp 	 X. Compestris PV 	Significantly suppressed buteriA leaf spot 	Krause ci al. (2003) 
armoraciat~ 	 disease on radish 
B. pumulis (T4), 	P, svringateps,rnaeufienla 	Elicited systemic protection against P. 	Ryuetal.,(.2003) 
B. pramshe (SE34) syrhsgae ps. moeinieo1a in Arubjdapsis. 
K eDtaoonapam phage, R. 	R_ soIanbcearum 	All bachana as single or in combination 	Abd E6Ghefar (U04) 
so1unareanm (avirulent isolate) treatments decreased the will disease severity 
B..sutliha.P.fluoresrens, 	 undergreenhous and 	!d conditions while 
Screlocn}es g tveoviridv R. !rolanacearma phape and k. volarircearum 
avirulent isolate were most effective, 
P. guorescens (Q2-67) 	P. 	'ringae pv. iomalo 	Induced systemic resistance inArabidopsi.s 	Weller el al,, (2004) 
plants, 
B. amyloliquefaciens (IN937a), E carorovora Pmtcctcd AraLidopxis plans through 	Rau et a1., (20174) 
R, subrili.i (GBO3) induction of systemic resistance against 
i bacterialpalhogen. 
All three strains ofPGPR, provided disease 	Guoelal„(1004) Se asiasp,12, 	Ksolanaceawum 
Fluorescent Pseudomonad, I control of bacterial will of tomato and 
Baci/lus sp. BBI I increased yield 	 i 
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P. pulida R solanaeuarum P. putidu s!gnifioan y reduced bacterial wilt 	Anilh et al„ (2004) 
ircideroe when applied to ladling at the time of 
transplanting. 
P, Jluoreseenr K solanacearum Amendment of soil with VAM together with Zhu and Yac (2904) 
nta2onislie bacteria reduced B- sola'ocearum soil 
po p ulation and bacterial wilt of tomato. 
P prtda X axon) adic pv. Strain YE FP14 ofP. putdo significantly reduced 	Tsai el al., (20014) 
vesiratnria disease severi 	of bacterial snot in sweet pepper. 
fluorescent Pseudomonad K solanaeearum Nitric oxide N0) overproducing transformants of 	Yanging cl ot, (2004) 
fluorescent pseudomonad redtued infection of R. 
svlanaeearurn in tomato plan. 
O.subriiis P.scringae Bacteria produced abiosurfaciantondrabidopsis Buiseiai.,(2004) 
roots that protected the plant from infeetiaa i 
P. fluarescens E amylovora Strain A506 suppressed the fire blight discast of temple et al., (2004) 
pear and apple by producing sidemphores and 
competed for ii 	uvaiduhIe nuttients, 
P purida (WCS3SS) P syringae Induced resistance against P. syringae in Meziane etal, (23U5: 
Arabidgaeis, beau and lomato. 
P pur da R. aolanaeearum P pttida showed significant reduction of potato °riot: et of, f205) 
bacterial will disease under green house conditions. 
P fluoresces \VCS41ir, Ksolanarearsntr P/luarescenssignicantlysuppresseddisease Ran etal.,(2005) 
P. puutida WCS35Sr however, P. putida was marginally effective against 
bacterial wilt when the seedlings of Faodyptucr 
urophylla were dipped with their roots in a bacterial 
Suspension before transplaaing into infested soil. 
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P. f uorescens 	 ~ X oryzae 	t Bacteria suppressed the bacterial blight of rice in 	Velusamy etal., (2U06) 
9rotohacfer, ,Slrepmmyce,r 	R. snlanacearnm 	EM microbes suppress the bacterial will oftomato 	I win and 
LaefabatiIlusspp. 	 and increase the crop yield 	 Ranamukhaaraehehi 
B, lichemformis 	 Ecarototrora 	Abaoterioein•llkesubstaneepruduccdbyB. 	Cladcra•Oliveraeal., 
dichenifnrmis prevented smilaaeon potato tubers 	(2(106) 
and reduced the symptom of soli rot at 240 µg i ml 
• P.)1uorarcens 	 R solanacearuns 	The incidence of6aetcrialwillofrxilffio 	Kcara6aehewefai., 
significantly reduced by 59.83 %, when p thto 	(2f0)7) 
tubers were dipped inla 48 hold eultare suspension 
of the three isolates i.e.PIS2,PI1 t± and Pt1VIofP. 
Nuoresrens and plant growth increased by 59,83 %, 
'76.89% and 2814% respectively under greenhouse 
conditions. 
Baci;lus sp. 
P. jluorescens 
X axoopoths pv. 
vesicaloria 
R. solanacearum 
'Bacterial spot disease effectively suppressed in 
pepper plants inoculated with' .he three Bacilhiy 
(4113,M3 1, HW) strains alone iad in 
combination. 
Soil disiafeelion with lime one month before 
MiRiK et al, (2OU ) 
Biswas and Singh 
transplantation and the use of P. jluorescens as (2008) 
hioeontrol agent were effective to minimize the 
bacterial will incidence in tomato. 
Pseudorrmnas isolates, R. solanaeearury In p7een house experiments, the plants treated with 	Ramesh er aL, (2UU9) 
Eni robuc er isolates Pseudomonas iso:ates (EB 9, EB 67), En!cra+wcter 
isolates (FR 44, FR 89) and Bacillus isolates (FC4. 
ECI3)reduced i  -1he bac(crial will incidence of 
eggplant by more than 73%. 
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P. Jluoreseens Z salanace 	m The disease incidence teas significantly reduced in 	Vanithaet al, (20(19] 
tomato plants raised front P, (brorescros Irzaleil 
seeds. 
R, suhtiik, P.)luoreseens X tranr(ucens pv. Both bacteria inhibited the diehack disease of 	Salowi (2010) 
pislaciae pis aehio. 
Pgenhadflus inacerans, R. sD1anaeearum Both strains showed r..tibacledal activiles against R. 	Li et al.. (2010a) 
Paethbueilhupolyntyxa so'anaceuurum under dit 	renttroatmcnlandreduecd 
the disease incidence and severity of tomato 
bacterial wilt, 
Baciflua sp. R. solanurearum Bariliius sp. strain BB-7 suppressed bacterial will in 	Toner and Sunaina, 
potato when mixed together with pathogen through 	(201 p) 
the soil or when seeds or seedlings were created with 
the strains before transfer into soil infested with 
Ralstonia. 
P. puiida (Pf-20) R. soianacearum Dipping the root system of eggplant and chilli in Araiyanto et al, (2010) 
R. solnnacearum bacterial suspension of P. putida (Pf•20) strain and 
(aviruler-tstrain) anavirdeni bacleriocinproducingstrainofR. 
solanacewv,m (RS-177), Both solely and in 
comhination. Were able to suppress the disease and 
proloig the incubation period. 
Nguyen etal.,(201I) Bacillusmegaierium, R.snianuEeaum All bacterial strains possessed potential to control 
Enterobacter cloacae, bacterial will disease in tomato. Disease severity 
Piehia gilliermondii, was reduced 41.6 %-7T I % when antagonists were 
Canrlida elhanoGea applied one rtieek prior lu Iramplan;ink. 
Sn 
P. fluoreseena 	 R soirmaeeamsn 	P.Pumrescens scppressed 8113 %-haeierinl wilt Chakravanv and Kalita 
of brinial in Geld cvperiment when applied with 	(2(111) 
vcrmi•<omposl a:rd Iarnryard manure. 
9,vIbhBs 	 R.solanaceurum 	B,suhlilissignilieantiv reduced potato brownrot Abd-El-Khair and El- 
 disease under ieldcondilions. 	Nasr,(2012) 
P fluoreseens; P. pulid, 	R..ralanwearuni 	Al! PGPR nins except 6, aerogeres. incre 
R subtilis, 	 seed gemunadon upto 15 °'/  P. /luoreeens 
N'nt¢cDbacier aerogenes 	 exhibited the highest disuse reduction of 
tomato bacterial wilt disease followed by P 
Puliva B. .sublihs and G. aerogene.s. 
Seleim et al., (2011) 
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2.4.2 Chitin 
Chitin, a (i-(1,4)-linked linear homopolymer of N-acetyl-D-glucosamine (2-
acetamido-2-deoxy-D-glucose. GIcNAc), is the most abundant renewable natural 
resource after cellulose on earth (Nicol, 1991). It is widely distributed in nature as the 
constituent of insect exoskeleton, shells of crustaceans and as a cell wall component 
of some fungi and algae (Wang and Chang, 1997). 
Chitin isolation consists of demineralization, deproteinization and bleaching. 
Demineralization can usually be achieved by treating the minced and washed shrimp 
shell waste with IN I IC1 for 30 min at room temperature (1:15, w.iv). It is then washed 
and dried and then treated with IN NaOH for 3 his at 70°C, (1:10, w/v). Washing and 
drying will give pure chitin. The demineralization of the shells using acetic acid or 
sulphuric acid has also been reported (Muzzarelli, 1997). In plants, chitin can acts as 
an inducer of defense mechanisms. It has also been assessed as a fertilizer that can 
improve overall crop yields. 
2.4.2.1 Chitosan 
Chitosan is a linear copolymer of (i-(1,4) linked GlcNAc and D-glucosamine 
(GIcN). Chitosan is produced commercially by deacetylation of chitin. It is performed 
at different combinations of temperature (80-140°C) (upto 10 his) using concentrated 
sodium or potassium hydroxide solutions (Muzzarelli, 1997; Roberts. 1992). The 
degree of deacetylation (% DD) can be determined by NMR spectroscopy and the % 
DD in commercial chitosan s is in the range 60-100 %. Commercial chitosan is 
derived from the shells of shrimp and other sea crustaceans (Shahidi and Synowiecki, 
1991). 
Numerous studies on the antimicrobial activity of chitosan and its derivatives 
against most economic plant pathogens have been investigated (Kendra and 
Hadwiger, 1984; Uchida et al., 1989; Roberts, 1992: Sekiguchi etal., 1994; Tsai and 
Su 1999; Badawy Cr al., 2004,2005; Guo etal., 2006;'1 ikhonov etal.. 2006; Badawy, 
2008, 2010; Rabea et (t., 2009; Badawy and Rabea, 2009) and reviewed (Rabea et al., 
2003; Bautista-Banos et al., 2006; Goy or al., 2009; Dutta et al.. 2009; El Hadrami et 
al., 2010; Aider 2010; Kong er al., 2010; Xia et al., 2011). Agricultural applications 
of chitosan can reduce environmental stress due to drought and soil deficiencies, 
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strengthen seed vitality, increase yields, and reduce fruit decay of vegetables, fruits 
and citrus crops (Linden and Stoner. 2007). Chitosan has a low potential for toxicity 
and is abundance in the natural environment and does not harm people, pets, wildlife, 
or the environment. Role of chitin / chitosan in the management of plant pathogens 
have been summarized (Table 10 and 11). 
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Table 10- Effect of chitin and chitosan on the nematodes and plant growth. 
Chitin/Chitosan 	Nematode Effect Reference 
Chitin 	 I .JcIoido nne jcnaniccr Soil amendment with shrimp, prawn or crab chitin at 0.1 Ehteshamul-Haque et al.. 
r/ 	significantly reduced the nematode infection on (1997) 
chickpea. 
Chitin Nematode 	Chitin amendment changed the composition of bacterial Hallmann et al., (1999) 
communities in the rhizosphere soil and were associated 
with the decrease of nematode population on cotton. 
Chitin Heterodera iriMolii, Soil treated with chitin reduced the abundance of plant Bell et al" (2000) 
Pratvlenchus spp. parasitic nematodes, Heterodera triMolii in white clover 
and Paratvlenchus spp.. in ryegrass roots. 
Chitosan A.I. incognita Low-molecular weight water-soluble chitosan was Vase ukova et al., (2001) 
shown to display an elicitor activity by inducing the 
local and systemic resistance of potato and tomato to, i 
into vita. 
Mulawannan et of.. (2001) Chitosan 	 ,Ileloidoa ie spp. Reduced the nematode infestation in tomato and also 
improved plant eroih. 
Chitin Y incognita Combination of chitin and benzeldehyde improved Kokalis-Burelle et al., 
tomato transplant prok%,Ih and reduced galling by .~-i (2002) 
incognita. 
Chitosan . i.. javanica Chitosan reduced the infection of M, javanica on tomato Aboud et al., (2002) 
probably b\' inducing systemic acquired resistance in 
plants. 
Chitin waste material (Crab 	M incognita Prawn shells showed a maximum decrease of up to 55.5 Jayakumar etal., (2004) 
shells, Prawn wastes, fish 
meal) 
% in the root-knot disease incidence on tomato. 
compared to the control. followed by crab shells and 
fish meal. 
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Chitosan Potato cyst Improvement of soil health and quality was achieved by Rnhels and de •Ayumerieh. 
nematode reducing potato cyst nemalodc populations through (2005) 
treating soil with cltilosan. 
Chitin M. arenaria Soil trealmant with chitin increased the yield of groundnut Kalaiarasat et al., (2006) 
and reduced nemu:ode population by enhancing soil 
microbial activity upto Si %. 
Chitosan Cyst nematode, Elicited plant defense response to control the nematodes. 	Konda (2008) 
Root-knot nematode. 
Dagger nematode 
Chitin applied at rates of 2.4 and 8 g %in` significantly 	Korayem er al.. (2008) Chitin 	 M. incognita 
reduced nentaiodc reproduction and increased plait 
gtmuth parameters of rapeseed 
Chide 	 M incognita A si nilicant decrease in eggs and juveniks tvas observed 	Ladner eia!•, (2008) 
when chitin at rate of IOU 4 and 20U 	vncnded in soil. 
Chitosan (U.US %), A1BM 	Al enlrrofocii N1BM reduced all plant-parasitic nen>atodes on guava • 	Alnteida el aL, (2U]21 
(Meat and bone meal) (3%).  
Shrimp Shell (2 %), 
Meant Cake (0.1 %) ti,w 
Chitosan with Dinitrogen Nemalode 3 °%chitosan with 5% N205  prevented and killed Yamai (2Ul1) 	n 
ntoxpz 	ide(NO:) nematodeseffeevely. 
Showed impressive synergies on controlling nematodes Chitosan+Salicylic acid 5% Nematodes Xinvi (2012) 
by 44.55% and also increased produclion of crop by 10 
1030%! 
Chitin 11 inangnim Chitin and Chitosan reduced tomato root galls and lr  of 	Radwan ei al., (2UI2) 
Chitosan 41. incognita in the soil in a dosrdepeedent mane,. ?'•:- 
Chitosauwas niort efieelive than Chilin.  
Low moleeulenseighiohirosan e festively reduced 	Khalil and Badawy (2312) Chitosan 	 M 
neralode pupulatton, egg mass, and mot galling of 
tomato. 
Tablel 1- Effect of chitin and chitosan on the bacterial disease and plant growth. 
Chitosan 	 Bacteria 	 Effect Reference 
Chitosan Escherichia coli 	At low concentrations, inhibited bacterial growth Sudarshan ei a(., (1992) 
by leakage of intercellular components. 
Chitosan Erwinia carotovora Chitosan adversely affected secretion of Reddy et al.. (1997) 
macerating enzymes by E. carotovora in 
inoculated potato tissue. 
Chitosan• 1 anthomonas or} ae. Chitosan-oligosaccharides showed strong Hu ct al., (2000) 
oligosaccharides Clawhacter michi, rmensis. inhibition on several kinds of plant pathogenic 
,1' 	crnn es►ri.s bacteria. 
Chitosan-Zinc complex E. coli, Corvnehacterirmr Cs-Zn complex showed effective antibacterial Wang etal., (2004) 
activity against tested bacteria. 
Chitosan E soli Al high concentration (over 200 ppm) chitosan Liu et al., (2006) 
showed good antibacterial activity against E. coil. 
Chitosan with bamboo Ralsionia solanacearunr Mixed solutions of bamboo vinegar and chitosan Lu ct al., (2007) 
vinegar (at 1. 	°%o concentration) markedly inhibited the 
growth of bacterial wilt pathogen of tomato. 
Chitosan Clavibacter michganensis Chitosan retarded the growth of plant pathogenic W'isnieivska-Wrona et al., 
subsp. carotovora, bacteria within the concentration range of 0.5 %. (2007) 
E carotovora subsp. 
carotovora 
Chitosan X ccronopodis p~. pomsettiicola Chitosan solution at 0.10 nag 	ml markedly Li et al., (2008) 
inhibited the growth of bacterial pathogen caused 
leaf spot disease of Eigphorbia pulcherrinra. The 
antibacterial activity enhanced by the addition of 
NaCI. 
Chilosan 
Chitosan applied as soil drench or seed Treatment 
sianilicantly reduced wilt incidence in tomato by 72% 
and 48% rspectively under in eifln conditions and 
also promoted the plant groih. 
P aeruginosa and P. o/eovuron were effectively 
inhibited by both 65,000 and 325,000 molecular vheight 
chitosaes at the concemration 5 p l L. 
Aecrmulation of phenolics and lignin in high amounts, 
together with higher level activity of major defense 
en1vms in response to the elicitors such as chilosan, 
bolstered eggplants in mounting practical and effective 
resistance against R solanacearnm, 
Chitosan p:orroted bacterial spot control up to 56 % 
with concenlmtion varying from 0.15 to 3 mg! nil 
when applied 3 days before the inoculation of tomato 
plants, 
U.S pia chilosan totally inhibited bacterial growth in NB 
medium and suppressed over 99 % inoculam density 
after 50 min soaking seeds of eabbage again black rot 
disease. 
Two hinds ofchitasan (chitosarr A and chitosan Bl 
solutions possess a stronp'anlibacutrial acuviyy against 
both rice pathogen causing bacterial leaf blight and 
leaf streak, 
Chitosan 	N saianacearum 
C.hilosan 	 aeruginoso. 
P. OIe010Pvnf 
Chilosan 
	
R. solanacearum 
Chitosan 
	
X garr(neri 
Chitosan 	,t eampeslrk pv. c'ampes Pa' 
Chitnsan 
	
X oryrae pv. orysac, 
k oryzae pv. onieieotv 
Algam e! aC, (201 U) 
Onnega•0diz eta?., (2010) 
Sudhamoy (2010) 
Coqueiro ei al, (20I 
Nur (2012) 
Lie! at. (2013) 
P. fluoreseens 	The disease incidence and lesion diumetzrof braeooli 	Li et u1, (2Ulab)~ 
inoculated with bacteria were significanlla reduced 
when plants were either prc•Ircatcd or post treated wish 
six different combinations ofchilosan solutions, 
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CETiosan X cwnpes1ri.+ pv. Chitosan at concentration of I and 1.5 % (wiw) Clsse el al., (2013) 
man i/eraelnthcae incorporated with LPOS (lactoperoxidase system) 
inhibited bacterial growth better than chitosan film 
alone or at low concentration of 0.5 % incorporated by 
LPOS. 
Chitosan derivatives E. carotovora, A. turnejuciens Among the 0-(benzoyl) chitosan derivatives. 0-(3,5- Badawv and Rabea (2013) 
dinitrobenzoyl) chitosan was the most active against E. 
carotovora and ,f tumekuciens. 
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Chapter 3 
Materials and Methods 
MATERIALS AND METHODS 
Five hundred root and soil samples were collected from the tomato fields of 
Aligarh district in U. P., India. These samples were collected in polythene bags and 
stored in refrigerator at 4°C till the processing. The samples were examined for the 
presence of root-knot nematode Me/oidogync' spp., bacterial wilt disease (Ralstonia 
solanacearum), bacterial spot disease (Xanthomonaz campesnris pv. vesicatorio), 
arbuscular myeorrhizal (AM) fungi and other phosphate solubilizing microorganisms 
(PSM). 
3.1 Isolation and identification of root-knot nematodes 
Collected roots were examined for the root-knot symptoms. Root galls were 
dissected for the females of root-knot nematodes. Identification of Mcdoido 'ne 
species were made on the basis of perineal patterns (Taylor and Sasser, 1978). For 
the isolation of nematodes, soil samples were processed by Cobb's sieving and 
decanting technique followed by Baermann funnel (Southey, 1986) and identification 
of root-ksotjuveniles were made from the nematode suspension. 
3.2 isolation of bacterial wilt disease bacteria from tomato plants 
Collected plant material with bacterial wilt disease symptoms were used for 
the isolation of the bacteria. Prior to isolation of R. solanacearum from the diseased 
plants, observations were conducted for bacterial ooze secreted from sections of plant 
parts infected with R. solanaccorum. Drops of dirty white or yellow ooze were seen 
streaming out from the cut end of the stem suspended in it glass of water. 
Plant parts having wilt symptoms were transferred to a sterilized Petri plates 
containing sterilized distilled water and gently freed of soil particles. These parts were 
transferred to another Petri plates and process was repeated till all adhering soil 
particles were removed. Later, the plant parts were cut into 5 mm pieces then surface 
sterilized with 0.1 % sodium hypochlorite (NaOCI) solution, followed by three 
repeated washings with distilled water and dried on filter paper. Five of these plant 
pieces were then plated in each of Petri plates containing Kelman's TZC agar medium 
(glucose 10 g, peptone 10 g, casein hydrolysate I g, agar 18 g, distilled water 1000 
nil, Sml of 2, 3, 5 triphenyl tetrazolium chloride solution filter sterilized was added to 
the autoclaved medium to give final concentration of 0.005 %, Kelman, 1954) with 
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the help of sterilized forceps under aseptic condition. Petri plates were incubated at 
28±2°C for 24-48 hrs. White fluidal colonies with pink centre around the pieces of 
plant material were observed, sub-cultured onto the TZC medium and suspected 
colonies were subjected to different biochemical, physiological, hypersensitive and 
pathogenicity tests for confirmation of the identity as Ralstonia solanacearmm race 3 
biovar 2. Isolated bacteria were then streaked onto nutrient agar (NA) media and 24-
48 h old cultures were used as and when required. 
3.3 Isolation of bacterial spot disease bacteria from tomato plants 
Collected plant materials were brought to the laboratory. Surface sterilized 
with 0.1 % sodium hypochlorite (NaOCI) solution and washed with distilled water. 
Small pieces of leaf spot were macerated in one milliliter of sterile distilled water. A 
loop full of suspension was streaked onto Petri plates containing YDC medium 
(Distilled water 11. Yeast extract 10 g / 1, CaCO3 20 g / 1, D-glucose (Dextrose) 20 g i 
1. Bacto agar 17 g / 1, Wilson et al., 1967; Schaad et al., 2001) and Tween B medium, 
(McGuire et al.. 1986) incubated at 25° C for 3-14 days. The composition of Tween B 
medium was as follows: 
Tw'een B medium 
Part 1 
Distilled water 1000 ml 
Peptone l0 g 
KBr lo g 
CaC12 0.25 g 
Boric acid 0.3 g 
Part 2 
Agar 	 7.5 g 
Part 3 
Cycloheximide 	 0.05 g 
Cephalexin 	 0.065 g 
5-Fluorouracil 	 0.012 g 
Tobramycin 	 0.0004 g 
• The pH of ingredients from part 1 was adjusted to 7.4 with NaOH, then 
ingredient from part 2 was added. 
• The medium in a flask was autoclaved with a stir bar for 15 min. 
• Ten ml of Tween SO was also autoclaved in a separate container. 
• The Tween was added to the hot medium immediately after removing the 
medium from the autoclave. 
• Shaking the flask after adding the Tween produced bubbles, so a magnetic stir 
plate was recommended. 
• The medium was cooled about 55°C before adding antibiotics. 
• The aqueous solution of the antibiotics was added aseptically in part 3. 
Single yellow colonies on YDC: and light yellow colonies surrounded by zone 
of white area on Tween B were selected for further tests including gram reaction, 
nitrate reduction, Kovac's oxidasc reaction, starch hydrolysis, oxidative metabolism 
of glucose and the hypersensitive reaction on tobacco leaves described by Schand 
(Schaad el al., 2001). On the conformity of bacterium as lanthomonas campeslris pv. 
vesicatoria, isolate was then maintained onto nutrient agar (NA) medium. 
3.4 Isolation of AM fungi from the rhizosphere of tomato root 
Soil samples collected from the tomato fields were processed by wet sieving 
and decanting technique (Gerdemann and Nicolson, 1963). Hundred g soil sample 
was dissolved into one liter water; thoroughly shaken and left for a minute to let the 
heavier particles settle down. The soil solution was first passed through coarse sieve 
and then decanted on a series of sieves i.e_ 80, 150 and 300 meshes, The spores 
obtained on sieves were collected with water in separate beakers. The spores 
suspension were repeatedly washed with Ringer's solution (NaCI 6 g / I, KCl 0.1 g 
and CaC1, 0.1 g ! I in distilled water of pH 7.4) in order to remove adherent soil 
particles from the spores. The spore suspensions were then poured on the filter papers 
placed in the funnels. The spores were picked with the help of camel hair brush under 
the stereomicroscope and placed on a glass slide. 
3.4.1 Staining of AM spores 
The collected AM spores were mounted permanently on a glass slide in 
polyvinyl lacto glycerin (PVLG) (Koske and Tessier, 1983) as well as in PVLG 
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mixed 1:1 (v/v) with Melzer's reagent. The compositions of PVI,G and Melzer's 
reagent were as follows: 
Polyvinyl lacto glycerin 
Polyvinyl alcohol 8.33 g 
Lactic acid 50 ml 
Glycerin 5 ml 
Distilled water 50 ml 
Melzer's reagent 
Iodine 2.5 g 
Potassium Iodide 7.5 g 
Chloral hydrate 100 g 
Distilled water 100 ml 
3.4.2 Identification of AM spores 
The AM spores were identified on the basis of morphological characters such 
as spore colour, dimension, thickness of walls, number of walls and width of' 
subtending hypha etc. using the synoptic keys of Trappe (1982) and Schenck and 
Pervez (1990). 
3.5 Isolation of other phosphate solubilizing microorganisms (PSM) 
Pikovskaya medium (Pikovskaya, 1948) was used for the isolation of 
phosphate solubilizing bacterial isolates. The composition of Pikovskaya medium was 
as follow. 
Glucose 	 10.Og 
Ca3(PO4)2 	 5.Og 
(N1-L)2SO4 	 0.5g 
KCI 	 0.2g 
MgSO4.7H2O 	 0.1 g 
MnSO4.7H2O 	 0.006g 
FcSO4 .7H2O 	 0.006g 
Yeast extracts 	 5.Og 
Agar 	 15.Og 
Distilled water 	 1000m1 
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• For the isolation of phosphate solubilizing bacterial isolates, 10 g soil was 
dissolved in 100 nil normal saline solution. 
• Seven test tubes each with 9 nil normal saline solution were prepared and 
marked as Ito 7. 
• One ml from stock solution was aseptically transferred to first test tube making 
the dilution 10'. 
• Solution in the test tube was mixed and I ml from this test tube (t0-~) was 
transferred aseptically to next, making it as 10,2. 
• Similar transfers were made till 10-~ dilutions were achieved. 
• From ]0,7 dilution 0.1 ml was transferred to sterile Pikovskaya agar plate and 
spread properly. This step was repeated with all other dilutions. 
• All the Petri plates were kept for incubation at 30 t 1°C for 24-72 hrs. 
• Plates were observed for different colonies of bacteria. Required bacterial 
colonies were picked, properly streaked on separate Pikovskaya agar plates to 
get pure colonies. 
Bacterial isolates were identified by using Bergey's Manual of Determinative 
Bacteriology (Hurt e1 al.. 1994). Seven isolates Pseudornonas fluorescens (Flugge) 
Migula, Pseudomanas putida 'lrevisan, Bacillus sub/ills (Ehrenberg) Cohn, Bacillus 
pumilus Meyer and Gottheil, Pseudornonas aeruginosa (Schroter) Migula, 
Psgudomons aiea6genes Monfias. and Bacillus licheni(ornais Cohn oTere sub-cultured 
on nutrient broth and nutrient agar medium. 
3.5.1 Isolates obtained from culture collections 
Another PSM. Aspergillus awamori Nakazawa (ITCCF 4680) and Aspergillus 
niger van Tieghem (1'1CC 6117) which were obtained from Indian Agricultural 
Research Institute (IART), New Delhi, India were also tested for the management of 
bacterial wilt-leaf spot disease complex of tomato. 
3.5.2 Maintenance of phosphate soluhilizing microorganisms 
Phosphate solubilizing bacterial isolates were sub cultured on nutrient broth 
and nutrient agar medium (HI-media laboratories Pvt. Ltd., Mumbai, India). while the 
fungal culture were maintained on PDA. Later, the stock cultures of these PSM 
isolates were maintained separately in culture tubes on their respective medium. 
63 
3.5.3 Hydrogen cyanide (HCN) production 
Production of HCN was determined by the modified method of Miller and 
Higgins (1970). Rhizobacterial isolates were inoculated into 250 ml flasks containing 
nutrient broth and were incubated at 32 + 1°C. These isolates were separately streaked 
on nutrient agar medium supplemented with 4.4 g glycine / l with simultaneous 
addition of filter paper soaked in 0.5% picric acids in I % Na,CO, in the upper lid of 
Petri plates (9 cm diameter) and the Petri plates were sealed with Parafitm. After 
incubation for 2-3 days at 32 = I°C, change in colour was observed. Change in colour 
from yellow to light brown (low = c+), brown (moderate = h+) or reddish brown 
(strong = a+) showed the presence of HCN production. 
3.5.4 Indole acetic acid (IAA) production 
The production of IAA by rhi7obacterial isolates was determined by the 
method of Gupta er al., (1999) with slight modifications. The cultures of bacterial 
isolates were grown on nutrient broth supplemented with tryptophan (5 mg / ml). Five 
ml of each bacterial culture centrifuged at 7,000 rpm (2191 x g) for 15 min at room 
temperature. The supernatant was collected and finally passed through the millipore 
filter of 0.2 µ pore size. Two ml supernatant mixed with two drops of o-phosphoric 
and 4 ml of freshly prepared Solawaski's reagent (50 ml of 35% perchloric acid and 
ml OS % FeCI31. The development of pink colour showed the production of IAA. 
Absorbance was read by spectrophotometer at 530 am. The level of IAA produced 
was estimated by a standard IAA graph and expressed as µg per ml. 
3.5.5 Phosphate solubilization 
Chlorostannous acid was prepared by dissolving 2.5 g of SnCl2.2H20 in 10 ml 
of concentrated HCl and heated as described (Saxena et al.. 2002). Volume was made 
up to 100 ml with distilled water. Similarly 15 g ammonium molybdate was dissolved 
in 400 ml warm distilled water. Later, 342 ml of 12 N HCI was added and allowed to 
cool. Volume of Chromic acid was made I litre with distilled water. Pikovskaya broth 
was prepared (Pikovskaya, 1948), inoculated with rhizobacterial isolates separately 
and incubated at 28-30°C on a shaker for 3-4 days. Test bacterium was centrifuged; 
ml aliquot from supernatant was taken and mixed with 10 ml ammonium molybdate. 
After shaking, it was diluted with 0.25 ml chlorostannous acid and final volume was 
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made up to 50 ml. Intensity of blue colour was read at 600 run. Standard curve was 
prepared with KH2FO4 to find out the amount of soluhilizcd phosphorus in pg per ml. 
3.6 Chitosan obtained from Sigma-Aldrich Chemicals Pvt. Ltd 
Fine powder of Chitosan (Product no. 448869) was purchased from Sigma-
Aldrich Chemicals Pvt, Limited, Barakhamba Road, New Delhi. India. 
3.7 Green house assay test 
Isolates of ANT fungi and other PSM were evaluated for their biocontrol 
potential in laboratory and green house. Potential isolates were selected on the basis 
of their effect on hatching and penetration of nematodes, antibacterial activity and 
root colonization by these isolates. 
3.7.1 Effect of bacterial isolates on hatching of root-knot nematodes 
Effect of bacterial isolates was observed on the hatching of Meloidogyne 
javanica in small Petri plates at 25 ± 1°C. Twenty egg masses of almost similar size 
were handpicked with sterilize forceps from the roots of brinjal (Solanum melongena 
L.) and were placed for hatching in 20 nil suspension of each bacterial isolate 
separately. One ml suspension contains 1.2 x 105 CFU ( ml. For control, twenty egg 
masses were placed in 20 ml double distilled water. Each set was replicated five 
times. 
3.7.2 Effect of bacterial isolates on penetration or root-knot nematode 
Penetration of M javanica was observed into tomato roots both inoculated 
with PSM isolates and un-inoculated once. For observation of nematode penetration, 
seeds were sown in ice-cream cups with 100 g steam sterilized soil. 'fen ml of each 
isolate was poured in 20 g soil and 20 seeds were wrapped in this soil. Two week after 
germination seedlings were inoculated with 50 second stage juveniles of M. javanica 
by exposing the roots carefully and soil was replaced. Each treatment was replicated 
five times, After 30 days, the roots were taken out. washed with distilled water and 
stained with cotton blue lacto phenol. Roots were cut into small pieces and observed 
under the stereomicroscope. Penetrations of nematodes in the roots were counted. 
3.7.3 Root colonization by phosphate solubilizing bacterial isolates 
Root colonization by different isolates of bacteria was also observed to screen 
the effective strains. Tomato roots inoculated with bacteria were collected 30 days 
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after sowing. Surface sterilized 1 g root was crushed in sterilized normal saline 
solution (NSS) and 0.1 ml serially diluted extracts were plated on nutrient agar Petri 
plates. "l'he Petri plates were incubated at 30 ± IT for 24 hrs. The Petri plates were 
placed on Quebec colony counter for counting bacterial colonies. The colony falling 
in the range of 30-300 were selected and multiplied by reciprocal dilution factor to 
calculate bacterial colonies (Sharma, 2001) and represented as colony forming units 
(CFU) per g root. 
3.7.4 Effect of PSI on the bacteria 
the antibacterial activity of PSM isolates was determined by employing the 
dual culture technique against R. solanacearum race 3 biovar 2 and X. ca npestris pv. 
vesicaloria. The Petri plates containing nutrient agar were divided into two equal 
halves. Each isolate was separately streaked in the first half of the Petri plate while R. 
solanacearum and X campestris pv. vesicatoria were inoculated separately on the 
other half of the Petri plate about lcm apart from the PSM isolate. The plates were 
incubated at 25 ± 1°C, and observed every 24 hrs upto 10 days. Effect of bacterial 
isolate on the growth of pathogenic bacteria were observed and the antibacterial 
activity of bacterial isolate was denoted as positive (-~) and negative (-). 
3.7.5 Root colonization by AM fungi 
"l'he root colonization caused by AM fungi was determined by a grid line 
intersecting method (Giovannetti and Miosse, 1980). For the assessment of perfect 
colonization, the roots inoculated with AM fungus were collected and .gashed with 
distilled water to remove adherent soil particles. Roots were cut into small pieces of 
about 1 cm size. These root segments were placed into beaker containing 10 % KOl I 
solution and autoclaved for 10 minutes at 103.4 kPa for clearing the cytoplasm 
contents. The KOH solution was poured off and the root segments were rinsed with 
distilled water till no brown colour appear in the rinse water. The root segments were 
transferred into another beaker containing alkaline H202 at room temperature for 20 
minutes for bleaching and thoroughly rinsed with distilled water. The root segments 
were placed into beaker with I % IICI for 3-4 minutes. The solution was poured off 
and root segments were placed in another beaker with 0.05 % trypan blue lactophenol 
solution. Root segments were observed under the stereomicroscope for mycorrhizal 
assay. The percent root colonization was calculated with the help of following 
formula: 
Number of rout segment colonized by AM fungus Percent root colonization= 	 X 100 
Tidal number ufsegmenls examined 
3.8 Pot experiments 
All the pot experiments were conducted in green house at 20 i 2'C. 
Meloidoayne jaianica. Ralstonia solanacearunt race 3 biovar 2 and Xanthomonas 
campestris pv. vesicatoria were used as test pathogens and tomato cv. P-21 as test 
plant throughout the course of these investigations. AM fungus Glomus intraradiees 
Schenck and Smith, bacterial isolates Pseudomonas fluorescens (Fliiggc) Migula; 
Bacillus subtilis (Ehrenberg) Cohn and P.ceudomons puuda Trevisan. fungus 
Aspergillus awamori Nakazawa and Aspergillus niger van Tieghem and Chitosan 
were used as biocontrol agents for test pathogens. 
3.8.1 Preparation and sterilization of soil mixture 
The sandy loam soil used in the study was taken from a field belonging to 
Department of Botany, Aligarh Muslim University; Aligarh was passed through 10 
mesh sieve. The soil and river sand was mixed in the ratio of 3:1 (v/v) (pH 7.5, 
porosity 44 %, water holding capacity 40 %, electrical conductance 0.62, available N 
95.76 mg I kg soil, available P 8.79 nig / kg soil and available K 157.02 mg / kg soil) 
respectively and added to jute bags. Water was poured into each bag to wet the soil 
before transferring them to autoclave for sterilization at 137.9 KPa for 20 minutes. 
Sterilized soil was allowed to cool down at room temperature before filling 15 cm 
diameter earthen pots 1 kg of sterilized soil. 
3.8.2 Growth and maintenance of tomato plants 
Seeds of tomato cv. P-21 were surface sterilized with 0.1 % sodium 
hypochlorite (NaOCI) solution for two minutes and then washed three times with 
distilled water. Five seeds were sown in each pot (t 5 cm diameter with I kg soil) and 
after germination thinned to one seedling per pot. Plants were placed in a glasshouse 
and watered as needed. Two days after thinning, seedlings received the treatments 
while un-inoculated plants served as a control. Twenty days old, well established 
healthy seedlings were used for experimental purposes. 
67 
3.8.3 Preparation of nematode inoculum 
:'l.1eloidok-ne javanica was collected from the tomato roots and multiplied on 
the roots of egg plants (Solarium melongena L.) using single egg mass. Egg masses 
from the roots of S. melongena were hand picked using sterilized forceps and placed 
in 9 cm diameter sieves of 1 mm pore size which were previously mounted with 
cross-layered tissue paper. The sieves were placed for hatching in a Petri plates 
containing distilled water just deep enough to contact the egg masses. The Petri plates 
were kept in an incubator running at 25 ± 1°C. A series of such assemblies were kept 
to get required number of second stage juveniles for inoculation. The hatched 
juveniles were collected from Petri plates every 24 hrs and fresh water was added to 
Petri plates. The concentration of second stage juveniles of Al. javanica in water was 
adjusted so that each milliliter contained 200 ± 5 nematodes. Ten milliliter of this 
suspension (i.e. 2000 freshly hatched juveniles) was added to each pot around a 
tomato seedling. 
3.8.4 Preparation of bacterial inoculum 
Nutrient agar plates were streaked separately with a pure colony of R. 
solanacearum and X. ca copesiris pv. vesicaloria and incubated at 30 ± 1°C for 24 h. 
Single colonies from a 24 h-old pure culture of either R. solanacearu n or X 
campesiris pv. vesicatorici were inoculated separately into nutrient broth flasks and 
incubated at 30 ± 1°C for 72 h. Cell density was determined following Sharma (2001) 
and was 1.2 x 10` colony-forming units (CFU) ; nll. 
3.8.5 Preparation of PSM inoculum 
Nutrient agar plates were prepared by pouring sterilize nutrient agar medium 
in Petri plates and incubated over night at 30°C to check the sterility and remove 
excess of moisture. The phosphate solubilizing bacteria were separately cultured on 
these plates. Single colony of these isolates from freshly culture sub-cultured plate 
was separately inoculated into nutrient broth flasks. These flasks were incubated at 30 
1 °C for 72 hrs for the mass inoculum of these isolates. One ml nutrient broth 
suspension contains about 1.2 x 105 CFU / ml while for obtaining sufficient inoculum 
of fungi. the Aspergillus awamori and Aspergillus niger were cultured on Richard's 
liquid medium (Riker and Riker. 1936) having following composition. 
Potassium nitrate 10.0 g 
Potassium dihydrogen phosphate 5.0 g 
Magnesium sulphate 2.5 g 
Ferric Chloride 0.02 
Sucrose 50.0 g 
Distilled water 1000 ml 
The medium was prepared and filtered through muslin cloth, sterilized in an 
autoclave at 103.4 KPa for 15 minutes in 250 ml Ederuneyer flasks each containing 
80 ml liquid medium. The fungus was inoculated in each flask with the help of 
inoculation needle. Inoculated flasks were incubated at 25 = 1°C for about 15 days to 
allow sufficient growth of the fungus. Pure culture of A. anamori and A. niger was 
continuously maintained on PDA by re-inoculation after every 15 days. After 
incubating the flask for about 15 days the liquid medium from each flask were filtered 
through Whatman filter paper No. 1. The mat of fungal mycelium of each fungus was 
washed in distilled water and was collected on blotting sheets to remove excess of 
water and nutrients. The inoculums of both fungi were prepared separatcty by mixing 
10 g fungal mycelium of each fungus in 100 ml of distilled water and blending it for 
30 sin a Waring blender. The 10 ml of these suspensions containing I g fungus were 
used as inoculum. 
3.8.6 Multiplication of AM fungi 
Steam sterilized filter papers (circular) were used to make the cones. The 
isolated spores of AM fungi were transferred into separate cones. A solution of 2 "/o 
chloramincs=f and 0.025 % Strcptomycine sulphate was poured drop by drop into 
each cone for 20 minutes (Hepper and Mosse, 1980). The spores were then washed 
thoroughly by dropping sterilized distilled water into cones. 
The pure culture of Glomus inrraradices were maintained separately into each 
pot on Chloris gayana Kunth (Rhodes grass) grown in sandy foam soil mixed with 
river sand in the ratio of 3:1 (v/v) respectively. Roots were exposed by removing soil 
with sterilized forceps and spores were placed around the roots with the help of 
sterilized fine brush and the soil was replaced. Five to six weeks after inoculation, 
small amount of rhizosphere soil and fine rout pieces were collected from each pot. 
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The populations of' AM fungi in the inoculums were assessed by most probable 
number method (Porter. 1979). 
Filly g inoculum with soil was added around the seedling to inoculate 500 
infective propagules of AM fungus per root (1 g inoculum contain 10 infective 
propagules). The crude inoculum consists of soil, extra metrical spores and spore 
carps. hyphal fragments and infective Rhodes grass segments. 
3.8.7 Chitosan inocutum 
Chitosan powder (Sigma -Aldrich) was incorporated in sandy loam soil at the 
rate of I g / kg and the mixture was used to fill 15-cm-diameter earthen pots. The pots 
were watered for 2 weeks to enhance proper decomposition of the amendments before 
implanting tomato seedlings. 
3.8.8 Plant straws and composted organic manures 
Plant straws of (Triticum aestivttm, Orv:a satit'u. Zea mans, Sorghum vulgare 
and Pennisetum typhoides) were allowed to decompose in separate containers for 
I year, with water added at 10-day intervals. Ten g composted straw was added 
around roots. Similarly, 10 grams of composted organic fertilizer (cow dung, horse 
dung, goat dung. poultry manure) were added around each seedling in the pots. Before 
use, organic fertilizers had been allowed to decompose in separate containers for 
1 sear, with water added at 10-day intervals. The major nutrient contents in 10 g of 
the organic fertilizers used are shown below: 
NPK contents in 10 g organic fertilizers 
Nutrients 	Cow dung (mg) 	Goat dung (mg) Horse dung (mg) 	Poultry manure (mg) 
N 30.0 75.0 55.0 100.0 
P 4.4 11.0 6.6 31.0 
K 8.4 19.0 17.0 33.6 
3.9 Inoculation technique 
For inoculations of .11. jemcrnicu, R. soIcrnacearumn, X. c'Um1lest1'ls pv. 
qesicatoria, AM fungus and other PSM, plant straw or composted organic manure 
soil around the roots was carefully removed aside without damaging the roots. The 
inocula of these microorganisms were poured or placed around the roots and the soil 
was replaced. An equal volume of sterile water was added to control treatments. 
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3.10 Experimental design 
All the experiments were carried out in a randomized block design. 
Lxperiinentl Effect of different inoculura levels of ale/oidogyne javanica, 
Ralstonia so/ahlacearu,n, and Xant/tomonas cainpestris pv. vesicatoria on the 
growth of tomato under pot conditions. 
In order to determine inoculurn threshold level of ,e1ouc1aryne jtrvaWiea, 
Rulslwnia solunaceururo and Xunthortonas cwnpestrzs pv. ►'esicutoriu. the seedlings 
of tomato were inoculated with different inoculums of each test pathogen. Applied 
treatments are shown in Table 1. Each set was replicated five times. 
TABLE I 
Treatments 
M. javanica 
(2~d stage juveniles / pot) 
00 (Control) 
500 
1000 
2000 
4000 
8000 
R. solanacearnzn 
(1.2 x 10` CFU.ml / pot) 
00 (Control) 
05 
10 
20 
40 
80 
X. comrpestri.s pv. vesicufw•iu 
(1.2 x 105 CFU.ml / pot) 
00 (Control) 
05 
10 
20 
40 
80 
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Experiment-2 Studies on the interactions of different inoculum levels of test 
pathogens (Meloidogyue javanica, Ralslonia solanacearum, and Xanthomonas 
campesiris pv. vesicatoria) on the growth of tomato under pot conditions. 
Effect of various combinations of test pathogens both singly and 
concomitantly were observed in the maimer shown in Table 11. Each set was 
replicated five tunes. 
TABLE II 
Treatments 
Nematode inoculums 	 Bacterial inoculum 
hL javaidca 
(2"a stage juveniles / pot) 
R. solatacearum 
(1.2 x 105 CFU.ml / 
pot) 
X. campestris pv. 
vesicatoria 
(1.2 x l Os CFU.mI / 
pot) 
Control Control Control 
500 - 
1000 - - 
2000 - - 
5  
10 - 
20 - 
5 
- 10 
- - 20 
500 5 - 
500 	 to - 
500 20 - 
1000 5 - 
1000 
	
to - 
1000 20 - 
2000 5 - 
2000 10 - 
2000 20 - 
500 5 
500 - to 
500 - 20 
1000 - 5 
1000 - 10 
1000 - 20 
2000 - 5 
2000 - 10 
Yi7 
2000 _ 20 
- 5 5 
5 10 
5 20 
10 5 
10 10 
]0 20 
20 5 
20 10 
20 20 
500 5 5 
500 5 10 
20 500 5 
1000  5 5 
10 1000 5 
1000 5 20 
5 2000 5 
2000 5 10 
2000 5  20 
500 10 5 
500 
10 
10 l0 
20 
— 
500 
1000 10 5 
1000 10 to 
1000 10 20 
2000 10 5 
2000 10 10 
20 2000 10 
500 20 
500 20 10 
500 20 20 
5 1000 20 
1000 	_ 
1000 
20 10 
20 
20 
20 
2000 5 
2000  20 10 
2000 	 20 20 
73 
Experiment-3 Studies on individual, simultaneous and sequential inoculation of 
test pathogens (Ralstonia solmmcearetn, Meloidogyne juvanica and Xan(romonas 
campestris pv. vesicatoria) on the growth of tomato under pot conditions. 
In order to study the effect of early establishment of either of the pathogen, 
tomato seedlings were inoculated with 2000 2"d stage juveniles of M javanica and 10 
nil bacterial inoculum of each bacteria individually and in various combinations of 
simultaneous, pre and post inoculation Applied treatments are shown in Table III. 
Each set was replicated jive times. 
TABLE III 
Treatments 
Control 
R. solanacearum (Rs)  
Al. javanica (Mj) 
X campestris pv. vesicatorta (Xc) 
Rs Mj (simultaneous inoculation) 
Mj+Xc (simultaneous inoculation) 
Rs+Xc (simultaneous inoculation) 
Rs inoculated 15 days prior to Mj 
Rs inoculated 15 days prior to Xc 
Mj inoculated 15 days prior to Rs 
Mj inoculated I5 days prior to Xc 
Xc inoculated 15 days prior to Mj 
Xc inoculated 15 days prior to Rs 
Rs inoculated 15 days prior to Mj-t Xc 
Mj inoculated 15 days prior to Rs+Xc 
Xc inoculated 15 days prior to Mj—Rs 
Rs+Mj inoculated 15 days prior to Xc 
Mj+Xc inoculated 15 days prior to Rs 
Rs+Xc inoculated 1 5 days prior to Mj 
Rs+Mj+Xc (simultaneously inoculated) 
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Experiment 4 — The effects of Glomus in(rdradiees, Chitosan, Aspergil(u niger, 
and Pseudonronas putida on the wilt-leaf spot disease complex of tomato under 
pot conditions. 
The effects of Glomuc intraradices, Chitosan, Aspergillus niger and 
Pseudomonos putida alone and in combination of two were observed on the wilt-leaf 
spot disease complex of tomato. Applied treatments are shown in Table IV A and 
Table IV B. Each set was replicated Live times. 
TABLE IV A 
Treatments 
Control 
Control 
Glomus intraradices (Gi) 
Chitosan (Ch) 
Aspergillus niger (An) 
P.seudomonas purida (Pp) 
- Cii+Ch 
Gi+An 
Gi+Pp 
ChiAn 
Ch—Pp 
An+Pp 
R, so1dHaeetrrism 
Control 
Glomus intraradices 
Chitosan 
Aspergillus niger 
Pseudomonas putida 
Gi tCh 
Gi+An 
Gi—Pp 
CltrAn 
Ch+Pp 
An+Pp 
~ 	Control 	.~ 
M,javanica 
Glomus intraradices 
Chitosan 
Aspergillus niger 
Pseudomonar putida 
Gii Ch 
Gi+An 
Gi-Pp 
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43+19 
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nX,u cHIg8icdsV 
U SOIi43 
saatpu.m.qut snwo/9 - 
Io11uoJ 
sluaw4va.iy 
a Al 3111 VI 
. r g 
X c•u)npestris pv. vesicatoria + 
M. javanica 
Chitosan 
Aspergillus niger 
Pseudomona.s pulida 
Gi+Ch 
Gi+An 
Gi+Pp 
Ch+An 
Ch+Pp 
An+Pp 
R.SOIanCCCC/lnl + Y CanpeSl)!.S 
pv. ye.sIcalorIU 
Control 
Glomus intraradices 
Chitosan 
Aspergillus niger 
PSeI/CIO /)lvi)US p)Ill[/U 
GHCh 
Gi+An 
Gi+Pp 
Ch+An 
Ch+Pp 
An+Pp 
R. svlc)nucecn•un: + M. 	+ 
. . campestris 	V. vesicatoria 
Control 
Glonuis intraradices 
Chitosan 
Aspergillus niger 
Pseudomonas putida 
Gi+Ch 
Gi+An 
Gi+Pp 
Ch+An 
Ch+Pp 
An+Pp 
Experiment 5 — The effects of Aspergillus awamori, Pseudomonasduorescens and 
Bacillus subtilis, on the wilt-leaf spot disease complex of tomato under pot 
condition. 
The effects of Aspergillus awamori, Pseudomonas,fluoresc•ens and Bacillus 
cu/ti/is. alone and in combination of two were observed on the wilt-leaf spot disease 
complex of tomato. Applied treatments are shown in Table VA and VB. Each set was 
replicated live times. 
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TABLE VA 
Treatments 
Control 
Aspergillus awumori (Aw) 
Pseudomonas fluorescens (Pf) 
Bacillus subtdis (Bs) 
Control Aw+Pf 
Aw+Bs —.._ 
Pf+Bs 
Aw+Pf+Bs 
Control 
A.cpergillus awamori 
P.seudomonas Iluorescen.s 
R solonacenrum 
Bacillus subtrlis 
Aw+Pf 
Aw+Bs 
Pf+Bs 
Aw+Pf+Bs 
Control 
Aspergillus awamori 
PseudrnnQmnftuorescens 
Al. javanica 	 Bacillus subtilis 
Aw+Pf 
Aw+Bs 
Pf+Bs 
Aw+Pf+Bs 
Control 
Aspergillus awamori 
P.seudornonas fluorescens 
X campeslris pv. vesicalorict - Bacillus suhtilts 
Aw+Pf 
Awl Bs 
Pf+Bs 
Aw+Pf+Bs 
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TABLE V B 
Treatments 
Control 
Aspergillus awamori 
Pseudomonas huorescens 
Bacillus sub:ilis 
Control Aw+Pf 
Aw+Bs 
Pf+Rs 
Aw+P f+Bs 
Control 
Aspergillus awamori 
Pseudomonasjluorcccen.s 
Bacillus subtilis 
Aw+Pf 
R..solanacearum+M javanica Aw+Bs 
Pf+Bs 
Aw+Pf+Bs 
Control 
Aspergillus awWuIOr; 
M. javanica i X campestris pv. PseudomunasJluorescens 
vesicatoria bacillus cu/Ii/is 
Aw+Pf 
Aw+Bs 
Pf+Bs 
Aw+Pf+Bs 
Control 
Aspergillus awantori 
Pseudomonas. luorescens 
X campestris pv, vesicatoria+ R. Bacillus subtifis 
so!aoaeearum Aw+Pf 
Aw+Bs 
Pf+Bs 
Aw+Pf+Bs 
Control 
Aspergillus awamori 
Pseudomonas fluorescens 
Al javanica +X. campestris pv. Bacillus su ttilis 
vesicatoria + R. aolanacearum Aw+Pf 
Aw+Bs 
PP Bs 
Aw+Pf+Bs 
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Experiment 6—The  effects of Chitosan alone and in combination with composted 
organic manures on the wilt-leaf disease complex of tomato under pot conditions. 
Effect of Chitosan, Cow dung, Horse dung, Goat dung, and Poultry manure 
alone and in combination were observed on the wilt-leaf disease complex of tomato. 
Applied treatments are shown in Table VI A and VI R. Each set was replicated five 
times. 
TABLE VI A 
Treatments 
Control 
Chitosan (Ch) 
Cow dung (Cd) 
Horse dung (Hd) 
Control 	 Goat dung (Gd) 
Poultry manure (Pm) 
Ch+Cd 
Ch+Hd 
Ch+Gd 
Ch+Pm 
Control 
Chitosan 
Cow dung 
Horse dung 
R. solanuceurum 	 Goat dung 
Poultry manure 
Ch+Cd 
Ch+Hd 
Ch+Gd 
Ch+Pm 
Control 
Chitosan 
Cow dun;, 
Horse dung 
Goat dung 
Poultry manure 
M javanica 
Ch+Cd 
Ch+Hd 
Ct+Gd 
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TABLE VI B 
Treatments 
Control 
Control 
Chitosan 
Cow dung 
Horse dung 
Goat dung 
Poultry manure 
Ch+Cd 
Ch+Hd 
Ch+Gd 
Ch+Pm 
R. solanacearurn i M. jcrvanica 
Control 
Chitosan 
Cow dung 
Horse dung 
Goat dung 
l'oultr y manure 
Ch+Cd 
Ch+Hd 
Ch+Cd 
Ch—Pm 
X campestris pv. vesicatoria + 
M. javanica 
Control 
Chitosan 
Cow dung 
Horse dung 
Goat dung 
Poultry manure 
Kfl 
Ch-Cd 
Ch+Hd 
Ch+Gd 
Ch+Pm 
Control 
Chitosan 
Cow dung 
R. solanacearum +X campestris V. 	 Horse dung 
vesicaroria Goat dung 
rounry manure 
Ch+Cd 
Ch+Hd 
Ch+Gd 
Ch+Pm 
Control 
Chitosan 
Cow dung 
R. solanacearum + M javanica+X, j 	 Horse dung 
campe.stris pv. vesicatoria Goat dung 
Poultry manure 
Ch+Cd 
Ch+Hd 
Ch+Pm 
Experiment 7— The effects of Pseudomonas putida alone and in combination with 
composted plant straws on the wilt-leaf spot disease complex of tomato under pot 
conditions. 
The effects of Pseudomonas putida, straws of Pennisetum tjphoides, Sorghum 
vulgare, Tri(icum aestivum, Zea mays and Oryza sativa alone and in combination 
were observed on the wilt-leaf disease complex of tomato. Applied treatments are 
shown in Table VII A and VII B. Each set was replicated five times. 
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TABLE VII A 
Treatments 
Control 
Pseudomonas putida (Pp) 
Penniselun, typhuides (Pt)  
Sorghum vu/ gore (Sv) 
_Triticunt ae.Vivum 'r( a) 
Zea 'nays Zm) 
Control 	 Onza smiva (Os) 
Pp--Pt 
Pp+Sv 
pf>+Ca_ 
P -Zm 
Pp+Os 
R. solattacearum 
Control 
Pseudomonac put/cia 
Pennisenmt tyihoides  
Sorghum vu/ gate 
I itictrm aestivum 
 Zea mays 
Or era sativa 
Pp+Pt  
Pp—Sv 
P -Ta 
p +Zm 
Pp-'-Os 
Al javanica 
Control 
Pseudomonas purida 
Pennisetum ty hoides 
Sorghum vu/gore 
7ritkrmt aestivum 
Zea maw 	_ 
Or yza Mutiva 
r +pt 
P +Sv 
Pp+l'a 
Pp+Zm 
r +05 
X campestris pv. vesicatoria 
Control 
Psezedomonus putida 
Penniselmn typhuides 
Sor hunr vul are 
Triticum aestivum 
Zea mays 
_ 	Or za saliva 
P +Sv 
P 4Ta 
Win? 
Pp+Os 
83 
TABLE VII B 
Treatments 
Control 
Control 
Pseudamoaas putida _
Penniseturn iypkoides 
Sorghume vulgare 
Triticum aestivum 
Zea inays 
Oryza saliva 
P +Pt 
Pp+Sv 
Pp+l'a 
Pp+Tor 
P +Os 
R. solunacearum+M. javanica 
Control 
Pseudamonas putida 
Penni.cetum iyphoide.c 
Sorghum vulgare 
Triticum aestivunr 
An mays 
Orvza sativa 
p +Pt 
Pp+Sv 
Pp+"Ca 
Y+Zm 
P IOs 
X campesiris pv. vesicatoria + 
M javanica 
Control 
Pseudomonas iutida 
Pennisetwn lv hoiden 
Sorghum? vulgare 
Triticum aestivum 
Zea mays 
Oryza sativa 
P +Pt 
Y p±Sv 
P +Ta 
p +Zm 
Pp+Ds 
• 
R. solanacearurn +X campestris V. 
vesicaloria 
Control 
Pseudomonas putida 
Pennisetum ty hoides 
Sorghum vulgare 
Trilicum aestivum 
Zea mays 
Oryza saliva 
Pp+Pt 
P +Sv 
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Control 
R. solanacearum + :Yf javanica+X. 	L 	Triticum ne.stivum 
campesiris pv. vesicatoria 	I Zea mays 
Ta 
3.11 Observations 
The plants were harvested 90 days after inoculation. Data on plant Length, 
plant liesh weight, plant dry weight, number of galls, percentage root colonization, 
wilt-leaf spot index, and nematode population were recorded. the length of plants 
was recorded in cm from the top of the first leaf to end of root. Excess water was 
removed by blotting before weighing the plant for fresh weight. The plants were cut 
with knife above the base of the root emergence zone to separate shoot and root. 
Shoots and roots were kept in envelops at 60°C for 2-3 days before weighing for dry 
weight. A 250 g sub sample of well mixed soil from each treatment was processed by 
Cobb's sieving and decanting technique followed by Baermann funnel extraction 
(Southey, 1986). Nematode suspensions were collected after 24 hrs and the numbers 
of nematodes were counted in five aliquots of 1 ml of suspension from each sample. 
The means of five counts were used to calculate the population of nematodes per kg 
soil. 
To estimate the number of juvenile's, eggs and females inside the roots, I g 
sub-sample of roots was macerated in a Waring blender and counts were made from 
the suspension thus obtained. Numbers of nematodes present in roots were calculated 
by multiplying the number of nematodes present in 1 g of root by the total weight of 
root. Root colonization caused by AM fungi was determined as described earlier 
(Giovannetti and Mosse, 1980). Wilt-leaf spot index was determined by scoring the 
severity of disease on a scale ranging from 0 (no disease) to 5 (severe disease). 
Chlorophyll, contents were estimated per g fresh leaf weight. 
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11.1 Estimation of chlorophyll 
Chlorophyll was estimated by the method of Amon (1949). Fresh leaves were 
ucked during the flowering stage from the plants of all treatments, weighed (1 g) 
and macerated in 80 % acetone. The suspension was filtered through Whatman filter 
paper No. 1 to volumetric flask and volume was made 100 nil by adding 8O % 
acetone. The absorbance was read at 645 and 663 nm against 80 % acetone blank on 
spectrophotometer. The 'Total chlorophyll was calculated according to the following 
formula. 
Total chlorophyll (mg g'') fresh leaf = 20.2 x (A 645) + 8.02 (A 663) x V/1000 x W 
3.12 Statistical analysis 
The data were analysed statistically using factorial analysis (Dospekhov, 
1984). Least significant differences (L.S.D.) were calculated at p = 0.05. Duncan's 
multiple range test (DMRT) was employed to denote the significant differences 
between treatments. Graphs of plant dry weight. total chlorophyll fresh leaves, 
nematode population and no, of galls per root system were prepared using sigma plot 
and error bars showing standard error. 
Chapter 4 
Results 
RESULTS 
4.1 Occurrence of root-knot nematode and pathogenic bacteria 
Five hundred root and soil samples were collected from tomato fields of 
Aligarh district. These samples were examined for the presence of root-knot nematode 
.cjeloiqoyt ne spp. pathogenic bacteria Ralsionia soIanacearunn and Xanthomonas 
canrhestri.c pv. vesicatoria (Table 1). Out of these samples. root-knot nematode 
AIeloulo,e spp. were found in 402 samples with 80.4 % frequency of occurrence 
while R. solanacearum and X. canrpestris pv. vesicatoria were isolated from 329 and 
245 samples with 65.8 % and 49.0 % frequency of occurrence respectively (Table I ). 
Out of 402 samples (infected with Afe/oidogvne spp.). Veloitlol yne spp. was present 
alone in 61 samples while in 130 samples it was present concomitantly with R. 
solanaceartun (Table 2). However, aleloidogyne spp. was found together with X. 
campesrris pv. vesicatoria in 47 samples while 14 samples were found concomitantly 
infected with R. solanacearunt and X cumpcstris pv. vesicatoria. Moreover. R. 
solanacearur and X campestris pv. vesicatoria were found alone in 21 and 20 
samples respectively while in 164 samples all three pathogens i.e. Meloido~3 ne spp.. 
R. solanaeearurn and .1i campesiris pv. vesicatoria were present concomitantly 
(Table 2). 
Out of 61 samples in which aleloidoyyne spp. was present alone, 31 samples 
revealed the presence of Al. javanica, If incognita was present in 25 samples while 
05 samples were found infected with ,tf. arenaria (Table 3). Out of 130 samples in 
which alelaie1ogyHe spp. was present with R. .solunacearw:, 62 samples were infected 
with If javanica, 59 with Al. incognita and 09 with Al. arenaria. Forty seven samples 
in which weloitlokDcne spp. was present with X camgestris pv. ve.sicatoria, .t1. 
javanica was present in 24 samples, I1. incognita in 20 and At arenaria in 3 samples. 
Moreover. in 164 samples in which all the three pathogens were present together, 82 
samples revealed the presence of f jaVaHiea. 75 samples were infected with .t1. 
incognita and 07 with Al arenaria. Out of total 402 samples, Al javanica was present 
in 199. M. incognita in 179 and If arenaria in 24 samples (Table 3). At several 
locations mixed populations were also found. 
87 
Table 1. Frequency of occurrence of ;1'leloidog.'ne spp.. Ralstonia solanacearum and 
Xantho,nonas camI)estris pv. vesicatoria in samples studied. 
Total no. of i 	Pathogens 
samples 
X. cam estris pv. vesicatoria 
500 	R. solanacearum 
Meloidogvne spp.  
Pathogens 
present in no. 
of samples 
245 
329 
402 
Frequency of 
occurrence 
49.0% - 
65.8 % 
80.4 % 
Table 2. Frequency of occurrence of IfeloidoKry'ne spp., R. solanacearum and X. 
cQD11C'sttls pv. vesicatoria found alone and in combined infection in samples studied. 
Pathogens 	 Present in no. of 	Frequency of occurrence in 
samples 
lIc/oidogynespp. 61 	 12.2 
R. solanacearum 21 4.2 
X cu n estris pV. vesicatoria 20 4.0 
M+R 130 26.0 
M+X 47 9.4 
R+X 14 2.8 
M+X+R 164 32.8 
Total 457 91.4 
Table 3. Occurrence of different :M1eloidoKyn spp. found in different samples studied. 
Meloidogrne spp. Present in 
no. of 
 samples 
 M. javanica M. incognita 	M. arenaria 
Meloiclogvne (M) alone 61 31 25 05 
M+R 130 62 59 09 
M+X 47 24 20 03 
M+X+R 164 82 75 07 
Total 402 199 179 24 
M = Meloidogrne spp., R = R..solanacearuin, X = X. campestris pv. vesicatoria 
T\~enty five samples were collected from each locality (at least 0.2 km apart) and 
samples \sere collected from 20 localities of Aligarh district ("Table 4, Fig. I). Out of 20 
localities. R. se1anaeearum was present alone in 13 localities with 4.2 % frequency of 
occurrence. The maximum occurrence of R. so1ucareearanr was recorded from Rait. 
Similarl\. X. cum/)estr:s pv. vesicutoria was isolated alone from only 13 localities \\ith 
4.0 % frequency of occurrence. .tfelohlogvire spp. was found alone in all the 20 localities 
with 12.2 % frequency of occurrence (Table 4). 
:leleielolync spp. was found together with R. soIameearum in all the 20 localities 
with 26.0 9/ frequency of occurrence (Table 4). Simultaneous occurrence of' R. 
soIunucearuun with X. campestris pv. vesicaloria were recorded only from 10 localities 
with 2.8 °'o trequenc\ of occurrence. Similarly, presence of .tfeloidogvne spp.with X. 
campestris pv. vesicatoria was recorded from all the 20 localities with 9.4 % frequency 
of occurrence. Concomitant occurrence of all three pathogens (11eloic1og,vrin spp.. R. 
SOlpnucearum and X. cainhestris pv. vesicworie) were also found in all the localities with 
the 32.8 010 frequency of' occurrence. Maximum numbers of' samples (13) were found 
concomitantly infected with all the three pathogens in I larduaganj while least number of 
samples %\ere found simultaneously infected with all the three pathogens in Saumna 
(Table 4). 
4.2 Occurrence of AM fungi 
Collected samples were also examined for the presence of AM fungi. Out of 500 
samples 331 samples showed the presence of AM fungi with 66.2 % frequency of 
occurrence. There were 5 species belonging to the 3 genera namely Glonrus, Gi,gashoru 
and Scutellosporu (Table 5, Plate 1). Spore population of Glomres intraradices varied 
from 520-630 spores / 100 g soil. Population of G. fisciculairwr was 410-615 spores 
100 g soil. Similarly. Gigusgora sp. was 290-425 spores / 100 g soil while Glomus sp. 
and Scutellosporu sp. were 230-360 and 140-310 spores / 100 g soil respectively ("fable 
5). Glomtcs intraradices was found with 32.0 % frequency of occurrence followed by G. 
fusciculutum (20.4). Gigusj)oru sp. (8.6). .Scutellosporu sp. (3.2) and Glomus sp. (2.0 %). 
All the five spp. of AM fungi showed a significant increase in growth of tomato 
seedlings (Table 6). Maximum increase in seedling growth was caused by G. intraraclices 
EU 
Table 4. Survey of tomato fields of Aligarh district of C.P., India for R. solamrearum, :MIeloidoR}ne spp. and X campestris pv. vesicatoria. 
Localities 
	
No. of 	R. soIwmeearoin 	;1leInirloRMne 
samples spp. 
collected 
X. campesfris 	R. soIanaeearxm 	X. eampewri.c 	R. soHmacearwn 
p%'. 	with 	pv~, vesicaloria 	with 
vesicatoria 	nematodes 	with 	X campesiris pi. 
nematodes 	vesicatoria 
All the 
three 
together 
1. Tapal 	25 	I 	3 1 	8 	2 0 6 
2. Fatah ur 25 2 2 ? 7 3 	 1 
3, Gaumat 
4. Chandaus 
25 
25 
0 
0 
5 
4 
0 
2 
8 	2 0 
5 2 	I 
6 
10 
5. Saumna 25 2 6 2 7 2 0 4 
6. Rait 
7. Gonda 
8. Hasangarh 
9. Gorai 
6. 
25 
25 
25 
1 
0 
2 
3 
4 
2 
1 
I 
2 
0 
0 
6 
7 
8 
6 
3 
3 
3 
2 
0 
0 
1 
1 
7 
7 
9 
1 
10. Barauli 25 2 3 2 5 	I 2 7 
I. Atrauli Road 
12. [larduaean' 
25 
25 
2 
0 
4 
2 
2 
0 
6 1 
7 	2 
2 7 
0 13 
13. Jalali 25 0 2 0 6 2 0 12 
14. Daud Khan 25 I 3 2 5 4 0 10 
15. Dadon 
16. Kauriauan' 
25 
25 
1 
0 
2 
3 
1 
I 
6 
7 
3 
3 
0 
0 
9 
10 
17. Akrabad 
18( ri 
25 
25 
2 
I 
2 
3 
0 
0 
6 
8 
2 
2 
! 	2 
2 
9 
7 
19. Chharra 25 0 3 I 7 2 I 8 
20. Dhurra 25 I 4 1 5 	3 	I 
130 	47 	14 
26.0 	9.4 	2.8 
7 
Total 	500 
Frequency of occurrence 
21 
4.2 
61 
121 
20 
4.0 
164 
32.8 
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Fig. 1 Map showing different localities of Aligarh district from which samples were collected 
followed by G. fasciculaturn, Gigaspuro sp., Seu1enospora sp., and Glomus sp. The 
mycorrhizal colonization of roots varied from 46 % - 58 % (Table 6). The maximum 
colonization of tomato roots was caused by G. ineraradices, followed by G. fasciculatum. 
Scu1e/lo.spora sp., Glomus sp. and Gigaspora sp. 
Glomus inlraradices was selected for the pot experiment on the basis of greater 
colonization of tomato root and maximum increase in seedling growth. 
4.3 Root colonization by phosphate sulubilizing microorganisms (PSM) 
Root colonization of tomato roots by Pseudomonas and Bacillus isolates were 
also studied (Table 7). Among Pseudomonas isolates, P. fluorescens caused maximum 
root colonization followed by P. putidg, P. alcaligenes and P. aeruginow. Among 
Bacillus isolates, B..suh/ihs caused maximum root colonization followed by B. pumilus 
and B. lichen formis (Table 7). 
4.3.1 Effects on hatching and penetration ofM javanica  
Effects of 7 isolates of Pseudoinonas and Bacillus were studied on the hatching 
and penetration of M javanica (Table 7). Among Pseudomonas isolates, P. Jluorescens 
had maximum inhibitory effect on hatching and penetration of M javanica followed by 
P. put da and P. alcaligenes. P. aeruginosa was least effective in the inhibition of 
hatching and penetration of M. javanica. Our of Bacillus isolates, B_ suhtili.s had 
maximum inhibitory effect on hatching and penetration of M. javanica followed by B. 
pumilus while B. lichenijbrmis had minimum inhibitory effect on hatching and 
penetration of M javanica (Table 7). 
4.3.2 Effects of PSM isolates against pathogenic bacteria 
Effects of 7 isolates of Pseudornonas (P. Jluorescen , P. putida, P. aeruginosa 
and P. alcaligenes) and Bacillus (B. subtilis, B. purnilus and B. licheniformis) were also 
studied on pathogenic bacteria R. solanacearum and X. campestris pv. vesicatoria (Table 
7). All isolates showed antibacterial activity and inhibited their growth. P. fluorescens. P. 
putida and B. subtilis had strong inhibitory activity against R. solanacearum while P. 
putida had strong inhibitory activity against X campestris pv. vesicatoria (Table 7). 
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PLATE- I 
a 
Spores of AM fungi: 
A. Glomus intraradices 
B. Scutellospora sp. 
C. Glomus fasciculatum 
D. Gigaspora sp. 
'fable 5. Frequency of occurrence of AM fungi in Aligarh district. 
No. of samples Alit fungi's isolates 	Present in 	Spores no. per Frequency of 
studied no. of 	100 g soil occurrence 
samples 
Glomtrs imrurac/ices 	I60 	520-630 32 % 
500 Glunius juscicu/ulunt 	102 410-615 20.4 % 
Gi as Cora sp. 43 290- 425 8.6 % 
Glomu.e sp. 10 230-360 2.0% 
Sc ttic'11r,s oru 	sp. 16 140-310 3.2 % 
Total 331 .2 % 
Fable 6. Effects of AM fungi on seedling growth and root colonization of tomato. 
AM1 fungi 	 Effect on seedlin~row•th _. Colonization of root inpercenta e 
Control 2.6d 	 - 
G. intrurudices 4.5a 58a 
G. tusiculattun 4.Ob 53b 
Gigus pora sp. 3.4c 46bc 
Glontus sp 
scutc1!os )ora sp. 
3.2c 
3.3c 
47bc 
48bc 
L.S.D. p= 0.05 0.3 6 
4.3.3 Effects of PSNI on seedling growth, phosphate solubilization, IAA and IICN 
production 
All the 7 isolates of Bacillus and Pseuclornonas caused a significant increase in 
the growth of tomato seedlings as compared to control (Table 8). Maximum increase in 
seedling growth was caused by P. fluorescens followed by P. Irutida and P. alcaligenes 
while B. subtilis and P. aeruginosa showed equal increase in seedling growth. B. pumilus 
and B. licheniformis also caused equal increase in seedling growth and were least 
effective in increasing seedling growth (Table 8). 
All the 7 isolates of Bacillus and Psetulomonas caused solubilization of 
phosphate. Maximum phosphate solubilization 'as caused by B. subtilis followed by P. 
fluorescent, B. pumilus. P. aeruginosa. P. I►uticla and P. alcaligenes (Table 8). least 
phosphate solubilization was caused by B. lichenifornris. All the 7 isolates showed IAA 
production. Maximum IAA production was shown by P. fluorescens  followed by P. 
putida, P. aeruginosa and P. alcaligenes. however, B. subtilis and B. licheni/brmis 
showed equal IAA production. Least IAA production was obtained from B. pumilus. Four 
P.ce1Uoinona.c isolates showed HCN production. P. fluorescens and P. putida showed 
high production of HCN while P. aeruginosa and P. alcaligenes showed moderate 
production of HCN (Table 8). 
One isolate of Bacillus (B. suhtilis) and two isolate of Pwzidoimal1a.s (P. 
fluorescens and P. putida) were selected for the pot experiment on the basis of 
antibacterial activity and adverse effect on hatching and penetration of nematodes. "TThese 
isolates also caused increase in seedling growth. phosphate solubilization. IAA and I ICN 
production. 
4.3.4 Effects of isolates obtained from culture collections against bacteria and 
nematode 
Two fungus namely As7►erggillus attwumori and A. niger were obtained from culture 
collections. Each fungus showed antibacterial activity against R. solunucearum and X. 
cumpestris pv. vesicutoriu and also found good in the inhibition of hatching and 
penetration of M. javanica. Therefore, each fungus .4. ai 'amori and A. niger were used 
for the management of wilt-leaf spot disease complex of tomato. 
Table 7. Effects of phosphate solubilizing bacteria on the hatching and penetration of M. 
javanicu. antibacterial activit\ aygainst R. solunacc'arum and X. cumpestris pv. vesicutoriu 
and colonization of tomato. 
Phosphate 
solubilizing 
bacteria 
No. of 	Activity 	Colonization 
M. 	against R. 	of root 
juvanica 	sola►taceartun 	(CFU/g 
hatched root) 
Penetration 
of M. 
javanicu 
Activity l 
against X.  
campestris 
pv.. 
vesicatoria 
UI)1V 260e - - 35c 
P. ,/l uorescens 66a ++ 2.4 x l0 
2.3x 104 
l 0a + 
P. 	Mica 69ab ++ 12a ++ 
B. suhtilis 64a ++ 2.1 x 10 12a + 
B. pumilus 83c + 1.7 x 10 l8b + 
P. aeruginosa 92d + 1.5 x 10 I 	9 + 
B. licheniformis 96d + 1.4 x 10 20b + 
P. ulcaligenes 73b + I.6 x 10 l9b + 
L.S.D 	=0.05 06 - - 04 
Table 8. Effects of phosphate soluhilizing bacteria on the groN%th of tomato seedlings, 
solubilization of inorganic phosphate. production of indole acetic acid (IAA) and 
hydrogen cyanide (HCN) production. 
Phosphate 
solubilizing 
bacteria 
IAA 
production 
(µg/m I) 
IICN 	Phosphate 
production* 	solubilization 
(µg/ml) 
In-vitro 
seedling 
growth 
(cm)  
DD\\ - - 	 - 2.Od 
P. fluorescens 4.3a a+ 38.2b 3.8a 
P. puticlu 4.1 b a+ 30.7d 3.4ab 
B. subtilis 2.6d - 40.6a 2.9c 
B. punilus 2.5d - 37.2b 2.6c 
P. aeruginosa 3.9b b+ 34.2c 2.9c 
B.Iicheni/brnis 2.6d - 18.7f 2.6c 
P. alculi eves 3.4c b+ 20.6e 3.Obc 
L.S.Dp=0.05 0.3 - 1.7 0.4 
c+ = Light brown 
b- = Dark brown 
a+ = Orange brown 
4.4 Pot Experiments 
Experiment 1. Effects of different inoculum levels of Ralslonia solanacearum, 
Meloidogvne javanica and Xanthontonas campestris pv. vesicataria on the growth of 
tomato. 
In order to determine the economic threshold levels of Al javanica, R. 
solanacearum and X campestris pv. vesicatoria on tomato, the pathogenicity tests were 
conducted using 500, 1000, 2000, 4000 and 8000 second-stage juveniles of Al javanica 
and 5, 10, 20, 40 and 80 nil of R..rolanacearum or X campestris pv. vesicatoria per kg 
soil. 
1.A Effect on plant dry weight 
Plant dry weight progressively decreased with the corresponding increase in the 
inoculum levels of each pathogen (Table 9, Fig 2). Plant growth reduction was directly 
dependent on the inoculum levels of test pathogens. However, statistically significant 
reductions in growth parameters over control were found only when 2000 or more 
second-stage juveniles of Al. jcrvanica or 10 ml or more inoculum of R. solanacearum or 
X. campestris pv. vesicatoria per kg soil were inoculated. Maximum growth reduction 
was observed at the highest inoculum level of pathogen. 
Inoculation of 5 nil of R. solanacearum inoculum caused 4.2% reduction in plant 
dry weight over control (fable 9, Fig 2). Reductions in plant dry weights were 16.42, 
25.36, 32.54, and 35.53 % respectively when 10, 20, 40 and 80 ml of R solanacearum 
inoculum per kg soil was inoculated. Inoculation of 5 ml of X campestris pv, vesicatoria 
caused 1.89 % reduction in plant dry weight over control. Reductions in plant dry weight 
were 15.60, 22.89, 27.10 and 31.91 % respectively when 10, 20. 40 and 80 ml of X 
campestris pv. vesicatoria per kg soil was inoculated. Inoculation of 500 second stage 
juveniles of Al javanica caused 3.69 % reduction in plant dry weight over control. 
Reductions in plant dry weight were 8.91, 21.59, 33.28 and 38.83 % respectively when 
1000, 2000, 4000 and 8000 second stage juveniles of Al.. javanica per kg soil was 
inoculated (Table 9, Fig 2). 
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Table 9. Studies on the pathogenicity of Ralsionia solunuceurum, Xanthomonas 
cumpes!ri.s pv. vesicatoria and Meloidogvne javanica using different inoculum le,.els on 
tomato 
Treatments Plant 	Plant 	Plant 
length 	fresh 	dry 
(cm) 	weight (g) 	weight (g) 
Percent 	Total 	Wilt/leaf 
reduction 	Chlorophyll 	spot 
in plant 	(rng/g) 	index 
dry 	fresh leaves 
weight 
over 
control 
Control 87.7a 72.5a 27.04a - 2.610a - 
5 nil 84.Oab 69.2a 25.90a 4.2 2.360b 1 
R 10 mI 81.1 be 64.96 	22.60b 16.42 2.238bc 3 
20 ml 77.3c 56.3c 2U 18bc 25.36 2.U26cd 4 
40 ml 73.1d 	54.7cd J  18.24c 32.54 1.962d 4 
80 ml 68.3e 	52.Od 17.43c 35.53 1.815d 5 
L.S.D p = 0.05 
Control 
4.1 	3.9 
87.7a 	72.5a 
2.85 
j 27.04a 
- 
- 
0.228 
2.610a - 
500 85.4a 70.6a 26.04a 3.69 2.422ab - 
M 1000 83.6a 68.2a 24.63a 8.91 2.340b - 
2000 72.7b 	58.46 21.20b 21.59 2.198bc - 
4000 68.5bc 52.6c 18.04c 33.28 2.080cd - 
8000 63.7c j 49.8c 16.54c 38.83 1.876d - 
L.S.D p= 0.05 5.0 4.7 2.77 - 0.241 - 
Control 87.7a 72.5a 27.04a - 2.61 Oa - 
5 nil 86.2a 70.6a 26.53a 1.89 2.468ab 
X 10 mI 82.8ab 65.2a 22.8(b 15.60 2.285b 3 
20 ml 79.Obc 59.06 20.85bc 22.89 1042c 3 
40 ml 
80m1 
74.8cd 56.7bc 
54.9c 
19.7 l cd 
18.41d 
27.10 1.941c 4 
70.1d 31.91 1.960c 4 
l_.S.D p = 0.05 4.8 	5.5  2.07 i 	0.218 - 
R = Ralsionia solanuceurmrt, M = Meloido&Tine javanica, X = Xalthumoross cam/wnPk 
pv. iVesicutoriu 
30 
25 
20 
5 
0 
U E E E E E °O °o 0 °O 0 E E E E E O_ O O 0 U) 0 0 0 0 U) 0 N 0 0 0 
o o 	2 	 X XXX X 
Treatments 
I 
3.0 
a) 2.5 CD 
a)  
s U) 
2.0 
rn 
rn 
E 1.5 
r 
0 1.0 0 
t 
U 
p 0.5 
F- 
V E E E E E C o 0 o C) E E E E E U) O O O O U) 0 0 O O O O_ N C	O 
Treatments 
Fig 2- Effects of 5 different inocuIum of R. .,cIiWaec'arurc, Al. jcivcmica and X. eamIestris 
pv. vesicaloria on plant dry weight and total chlorophyll (mg/g) fresh leaves of tomato 
plants under pot conditions. 
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Fig 3- Effect of 5 different inoculum of R. solanacearum, M. javanica and X. 
campesiris pv. vesiculoria on nematode population and no. of galls per root system 
of tomato plants under pot conditions. 
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LB Effect on chlorophyll content 
Plants inoculated with 5 different inoculum levels of R. solanacearum caused 
significant reduction in chlorophyll content over control (Table 9, Fig. 2). Highest 
inoculum of R..ralanacearum i.e. 80 ml per kg soil caused maximum reduction in 
chlorophyll content over control followed by 40 ml. 20 nil and 10 nil inocuIuin. 
Inoculation of 5 ml of R. solunacearum caused lowest reduction in chlorophyll content 
(Table 9, Fig. 2). 
Similarly, significant reduction in chlorophyll content of Al javanica inoculated 
plants was observed when 1000 juveniles or more Al javanica per kg soil was inoculated 
over control. Inoculation of 8000 juveniles of M. javanica caused highest reduclion in 
chlorophyll content followed by 4000 and 2000 juveniles. However, inoculation of 500 
juveniles of Al. javanica caused non-significant reduction in chlorophyll content over 
control (Table 9, Fig 2). 
Inoculation of X. campestris pv. vesicatoria also caused the significant reduction 
in chlorophyll content when 10 ml or more X campestris pv. vesicato is inoculum per 
kg soil was inoculated. However inoculation of 20 ml, 40 ml and 80 ml inoculum caused 
statistically similar reduction in chlorophyll content. Inoculation of 5 ml of X campestris 
pv. vesicatnria caused non-significant reduction in chlorophyll content (Table 9, Fig 2). 
1.0 Effect on nematode multiplication and galling 
The nematode multiplication was density dependent. Maximum nematode 
multiplication (26.48 fold) occurred at the lowest (500 juveniles) and in nimmn (6.54 
fold) at the highest (8000 juveniles) inoculum of Al javanica (Fig. 3). However, number 
of galls per root system continuously increased with increase in inoculum level. 
Inoculation of 500 second stage juveniles of Al javanica per kg soil caused 110 galls per 
root system while 435 galls per root system were caused when 8000 juveniles per kg soil 
was inoculated (Fig. 3). 
ID Bacterial wilt and Icaf spot indices 
Wilt and leaf spot index caused by R. volanavearum and X. campestris pv. 
vesicatorio were also inoculum dependent. The bacterial wilt indices were I, 3, 4, 4 and 5 
FF 
at 5, ID. 20, 40 and 80 ml inoculum level of R. mlanacearum while bacterial spot indices 
were I, 3, 3, 4 and 4 at 5, 10, 20, 40 and 80 ml of X campesiris pv. vesicatoria 
respectively (Table 9). 
Economic threshold levels of M javanica, R. solanacearum and X campestris pv. 
vesicaloria were therefore, 2000 second stage juveniles of Al. javanica and 10 ml 
inoculum of R. solanacearum ! X campestris pv. vesicatoria per kg soil. 
Experiment 2. Studies on interaction of different inoculum levels of Ralstonia 
solanacearum, bfeloidogvne javanica and Xant/romonas campestris pv. resicatoria on 
the growth of tomato. 
Effects of interactions of three variable inoculum levels, each of R. so(anacearurn 
(5, 10 and 20 ml), Al. javanica (500. 1000 and 2000 2nd stage juveniles) and X. 
campestris pv. vesicatoria (5, 10 and 20 ml) on plant growth. disease development and 
nematode multiplication has been studied. 
Various combinations of the variable inoculum levels of test pathogens caused a 
significant decrease in plant growth (based on plant dry weight) except when lowest 
inoculum of R_ solanocearaau plus X, campectrris pv. vesicatorio was used (Table 10). 
Highest combined inoculum of Al. javanica, R. solanacearum and X campestris pv. 
vesicatoria (2000 juveniles plus 20 ml plus 20 ml) caused severe early wilting and leaf 
spot as compared to their lowest combined inoculum (500 juveniles of Al. javanica plus 5 
ml R. solanacearum plus 5 ml X campestris pv. vesicatoria). Bacterial wilt disease 
complex, however, increased with the plant age. R. solanacearum caused a significant 
damage to the host root that hampered the passage and uptake of water resulting. in 
wilting of plants even when sufficient soil moisture was present. Bacterial Icaf spot begin 
as small, yellow-green lesions on young leaves which usually appear deformed and 
twisted or as dark, water soaked, greasy-appearing lesions on older foliage. Lesions often 
are more numerous at the tip and margin of the leaf where moisture such as dew is 
retained. Lesion size is often larger and symptoms are more severe when extended 
periods of moisture-saturated tissue occur. 'Total number of root galls produced by Al. 
javanica progressively decreased with the increase in the inoculum level of R. 
solanacearum and X campestris pv, vesicaloria but the wilting and leaf spot indices 
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increased with the increase in combined inoculum of R. solanacearum, X. campestris pv. 
veslcatoria and NL javartica (Table 10). 
2.A Effect on plant dry weight 
Combination of two pathogens caused a significant reduction in plant dry' weight 
except when lowest inoculurr (5 ml each) of R. solanaeearum plus X campesrris pv. 
vesicamria were used (Table 10. Fig. 4). However, reduction in plant dry weight 
increased more significantly with the increase in the inoculum levels of the three 
pathogens. Simultaneous inoculation with 500 juveniles of M javanica in combination 
with three increasing inoculum of R. solanacearum caused 13.18 to 31.08 % reductions 
in plant dry weight over control. One thousand juveniles of Al. favanica plus three 
increasing inoculums of R. solanacearum caused 19.53 to 33.55 % reductions. Two 
thousand juveniles of M. javanica plus three increasing inoculum of R. solanacearum 
resulted in 32.34 to 51.05% plant dry weight reductions over control (Table 10, Fig. 4). 
Simultaneous inoculation of 500 juveniles of Al javanica in combination with 
three increasing inoculum of X campestris pv. vesicatoria caused 12.40 to 23.96 % 
reductions in plant dry weight over un-inoculated control (Table 10, Fig. 4). One 
thousand juveniles of Al javanica plus three increasing inoculum of X campestris pv. 
vesicatoria caused 12,29 to 28.39% reductions. Two thousand juveniles of M javanica 
plus three increasing inoculum of X. campestris pv. ve.sicaloria resulted in 28.53 to 47.40 
% plant dry weight reductions. 
Simultaneous inoculation of 5 ml R. solanacearum in combination with three 
increasing inoculum of X campestris pv. vesicatoria caused 7.35 to 24.33 % reductions 
in plant dry weight over control (Table 10 Fig. 4). Ten ml of R. .solanacearum plus three 
increasing inoculums of X carnpestrfc pv. ve.cicatoria caused 20.19 to 33.70 % 
reductions. Twenty ml of R. so/anacearum plus three increasing inoculum of X 
campestris pv. vesicatoria caused in 29.72 to 40.20 % reductions in plant dry weight. 
Simultaneous inoculation of 500 juveniles of Al. javanica in combination with 5 
ml of R. solanacearum plus three increasing inoculum levels of X. campestris pv. 
vesicatoria caused 20.19 to 28.65 % reductions in plant dry weight (fable 10, Fig. 4). 
One thousand second stage juveniles of M javanica in combination with 5 ml of R. 
solanaceanrm plus three increasing inoculum ofX campestris pv. vesicatoria caused 
Table 10. Effect of interaction of variable inoculurn of test pathogens on tomato plant growth, 
disease development and nematode multiplication 
1 reatments 	Plant length 
(cm) 
Plant fresh 	I 	Plant dry 	Percent 
weight (g) 	%%eight (g) 	reduction in 
plant dry 
weight over 
control 
Total 	Wilt/ 
Chlorophyll 	leaf 
(tngr'g) 	spot 
fresh leaNes 	index 
Control 87.7a 73.2a 27.09a 
26.02ab 
- 
3.95 
2.6I 7a 
2.427b h1500 86,3ab 70.7ab - 
M11000 84.8abcd 69.Obc 24.88abcde 8.16 2.346bcd - 
Mt 2000 72.2pqrs 58.Oefgh 21.1 Gghijklm 21.89 2.193efgh - 
R 5 84.5abcde 69.6abc 25.94abc 4.25 2.365bc 1 
R 10 	 80.5efghi 64.4d 22.67efgh 16.32 2.241 cdcf 3 
R 20 	 76.6ijklmn 56.0efghij 20.4 3hijklmnop 24.58 2.030ij 3 
X 5 86.Oabc 70.2ab 26.49a 2.21 2.464b 
X 10 82.3bcdefgh 64.7d 22.95defg 15.28 2.278cde 3 
X 20 78.8hijkl 59.3ef 21.78fghij 19.60 2.039ij 3 
\1500 -- R5 81.6defgh 64.5d 23.52def 13.18 2.1 17fghi 2 
\1500 	R10 78.4hijklm 58.6efg 20.60hijklmn 23.96 2.012ij 3 
\1800 • R20 74.71rnnopq 55.9cfghij 18.67raopqr 31.08 1.967jk1 4 
\11000 t R5 	j 79.9fghij 	59.6e 21.80fghij 19.53 1.824mn 3 
MMI000 f- RIO 	 j 	76.Sijklrnno 	56.2elghij 19.45klmnopgr 28.20 1.778mno 4 
NI 1000 + R20 	72.2pqrs 	53.1 ijklmn 18.00grs 33.55 I.680opqrs 4 
\12000 	R5 68.6stu 50.Smnopq 18.33opqrs 32.34 1.S72stuvw 4 
112000 	1110 63.4wxy 44.8st 14.30uvwx 47.21 1.466vwx 5 
ti12000 • R20 
M50o 	X5 
58.0A13 38.Oo 13.26vwxy 51.05 1.379xyz 5 
83.Sbcdefg 66.Ocd 23.?3cdef 12.40 2.228defg 2 
\1 ) 	- X I O 	1 81.1 def'gh 64.5d 21.64fghijk 20.12 2.1 15fghi 3 
\1500 + X20 	76.Ojklmnop 56.7efghi 20.60hijklmn 23.96 2.064ij 3 
NI1000 + X5 82.3bcdefgh 65.Id 23.76bcdef 12.29 1.984jkl 2 
M 1000 + X 10 78.5hijklm 58.9elg 20.70ghijklmn 23.59 1.882k1m 3 
\1 1000 + X20 74.4mnopq 56.Oefghij 19.40klmnopgr 28.39 1.791 mno 4 
N12000 *X5 70.1 rstu 51.6klmnop 19.361mnopgr 28.53 I.682opqrs 4 
\12000 +-X10 	68.6stu 47.8pqrs 15.21tuv 43.85 1.598qrstuv 5 
\12000±X20 	63.4wxy 42.1 to 14.25uvwx 47.40 1.402 wx%z 
2.227dctg 
5 
R5 - X5 	 84.Oabcdef 68. I bcd 25.10abcd 7.35 2 
R5--X10 81.9cdefgh 65.Od 22.48fghi 17.02 2.I96efgh 3 
R5 - X20 76.2jklmnop j 	56.3efghij 20.S0hijklmno 24.33 2.084hij 3 
RIO - X5 78.3hijklm 	58.8efg 21.62fghijkl 20.19 I.992ijk 3 
RIO - \10 72.2pqrs 	50.0nopgr 
69.5stu 	46.3rs 
18.04grs 33.41 1.885k1m 4 
RIO - X20 I 17.96grs 33.70 1.812mn 4 
R20± X5 75.6klmnop 54.5hijkl 19.04mnopgr 29.72 I.764mno 4 
R 0 X10 70.Orstu 52.6jklmno I7.27rst 36.25 1.702nopgr 5 
R20 • X20 67.7tuv 	50.81mnop 
79.7ghijk 	, 58.8efg 
16.2Ostu 
21.62fghijkl 
40.20 1.618pgrstu 5 
M500+R5+X5 20.19 2.075hij 3 
M500+R5+X 10 76.3jklmnop 55.4ghijk 20.31 ijklmnop 25.03 1.962jk1 4 
M500+R5+X20 74.Onopqr 53.6ijklmn 19.33mnopqr 28.65 1.884k1m 4 
M11000+R5+X5 76.0jklmnop 55.7fghij 20.40ijklmnop 24.70 1.718nopq 3 
Ml 000+R5+X  10 74.1 nopqr 53.Oijklmn 18.96rnnopgr 30.01 1.682opgrs 4 
M1000+R5+X20 67.4tuvw 50.2mnopq 17.61grs 34.99 1.596qrstuv 4 
M2000+R5+X5 59.2zA 40.1 uv 16.17stu 40.31 1.476uvwx 5 
M2000 + R5+X 10 56.1 ABC 32.7w 14.85uvw 45.18 1.392xyz 5 
M2000+R5+X20 54.3BCD 31.8wx 12.71wxy 53.08 1.310yzA 5 
M500+RI0+X5 76.2jklrnnop 56.3efghij 20.81ghijklrnn 23.18 2.114ghi 3 
M500+RIO+X l0 72.4opqrs 52.7jklmno 17.27rst 36.25 1.972jk1 5 
M500+R10+X20 68.8stu 5I.Olmnop 16.15stu 40.38 1.8651mn 5 
M1000+-R10+X5 70.7qrst 54.Oijklm 19.60jklmnopq 27.65 1.727nop 4 
x11000+R10+X10 66.5uvw 51.21mnop 16.24stu 40.05 1.629pqrst 5 
M 1000+R 10+X20 62.2xyz 48.5pgrs 14.76uvw 45.51 1.526tuvwx 5 
\42000+R10+X5 52.9CD 30.3wxy 13.75vwx 49.24 I.422wxy 5 
N12000 + R l 0+X 10 49.1 DE 28.8xyz I I.O l yz 59.36 1.3 l 7yzA 5 
x-12000+R10+X20 45.0E 26.3zA 9.62zA 64.49 1.224AB 5 
x-1500+R20+X5 72.3pqrs 52.Sjklmno 18.20pqrs 32.82 1.578rstuvw 4 
`-1500+R20+X 10 70. I rstu 49. I opgrs 15.03tuv 44.52 I.492uvwx 5 
\-1500+R20+X20 66.5uvw 51.51mnop 13.80vwx 49.06 1.319yzA 5 
M 1000+R20+X5 68.6stu 50.4mnopq 17.55grs 35.22 1.284zAB 5 
1.11000 i R20+X I0 64.3vwx 46.8qrs 14.04uvwx 48.17 1.176BC 5 
'x110001 R20I X20 60.OyzA 41.5tuv 12.38xy 54.30 1.076CD 5 
M2000+R20+X5 48.6E 27.1 yz 8.08AB 70.17 1.012DE 5 
M2000+R20+X I O 45.3E 25.6zA 7.07BC 73.90 0.984DE 5 
M2000+R20+X20 40.1 F 22.5A 5.1 I C 81.14 0.917E 5 
P = .05 4.12 3.8 2.26 - 0.126 - 
M = Meloidogyne javanica, R = Ralsionia solanacearum, X = Xanthomonas campestris 
pv. vesicaroria. 
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Fig 4- Effect of interaction of variable inoculuni of M. jovauicu, R. soIa,iuct'cu-um and X cumpestri.s pv. vesicaloria 
on plant dry' weight of tomato tinder pot conditions, 
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Fig 5. Effects of interaction of variable inoculum of Al. javanica. R. solanacearnm and X. campestris pv, vesicaloria on total 
chlorophyll (mg g) fresh leaves of tomato plants under pot conditions. 
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Fig 6- Effect of interaction of variableinoculuui oft! javarika. R. solcroacearuin and 11 carvpesiris psv. resicaloria 
on nematode population of tomato plants under pot conditions. 
300 
250 
E 
200 
150 
100 
0 z 
50 
,. 	Cl - C 	rC , r 	rC 	r 	Clr 	i I'') 
Z ~` 	 xxxx; xx~2XxxxxX x~ x 	x 	x xx 	r x  
+++ ry++ ({ +++(+++ 	+++•++•++++++++•++ 	+1♦ 
~~ r 
ry r r (ry rr r(N~fN(~  
Treatments 
Fig 7- Effect of interaction of variable inoculum of ;ll. jawmi~a, R. solunaceurum and X, campeslris pv. vesicatoria 
on no. of galls per root system of tomato plants under pot conditions, 
24.70 to 34.99 % reductions, while 2000 juveniles of M javcmica in combination with 
5 ml of R. solanacearum plus three increasing inoculum of X. campestris pv. 
vesicatoria resulted in 40.31 to 53.08 V0 reductions in plant dry weight. 
Five hundred second stagejuveniles of M. javanica in combination with 10 ml 
of R. solanacearum plus three increasing inoculum of X campestris pv. vesicatoria 
caused 23.18 to 40.38 % reductions in plant dry weight (Table 10, Fig. 4). One 
thousand juveniles of Al. javanica in combination with 10 ml of R solanacearum plus 
three increasing inoculum of X. campesbds pv. vesicatoria caused 27.65 to 45.51 % 
reductions. However, 2000 juveniles of M. javanica in combination with 10 nil of R. 
.solanacearum plus three increasing inoculum of X campestris pv. vesicatoria caused 
in 49.24 to 64.49 % reductions in plant dry weight. 
Five hundred juveniles of 41 javanica in combination with 20 in1 of R. 
solanacearum plus three increasing inoculum of X campestris pv. vesicatoria caused 
32.82 to 49.06 % reductions in plant dry weight over control (Table 10, Fig. 4). One 
thousand second stage juveniles of M. javanica in combination with 20 nil of R. 
solanacearum plus three increasing inoculum of X. campestris pv. vesicatoria caused 
35.22 to 54.30 % reductions. Similarly, 2000 juveniles of M, javanica in combination 
with 20 ml of R. solanacearum plus three increasing inoculurn of X campestris pv. 
vesicatoria resulted in 70.17 to 81.14 % reductions. All combinations of inoculum of 
test pathogens produced synergistic effect on plant dry weight reductions. 
LB Effect on chlorophyll content 
Inoculation of plants with increasing inoculum of pathogens (R. 
solanacearum, M. javanica and X campestris pv. vesicatoria) alone or in 
combination caused a significant decrease in chlorophyll content over control (Table 
10, Fig. 5). Minimum reduction (5.85 %) in chlorophyll was observed when plants 
were inoculated with 5 ml of X campeslris pv. vesicatoria. However, the reduction in 
chlorophyll content caused by 500 juveniles of 44 javanica and 5 nil of R. 
solanacearum were 7.26 and 9.63 % respectively over control (Table 10). Similarly, 
22.09 % reduction in chlorophyll was observed when plants were inoculated with 20 
ml of Al campestris pv. vesicatoria. However, the reduction in chlorophyll content 
caused by 2000 juveniles of Al. javanica and 20 ml of R. solanacearum were 16.20 
and 22.43 % respectively over control (Table 10). 
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Simultaneous inoculation of 500 juveniles of Al. javanica with increasing 
inoculum of R. solanacearum caused 19.11 to 24.84 °% reductions in chlorophyll 
content (Table 10, Fig. 5). Concomitant inoculation of 1000 juveniles of M. javanica 
with increasing inoculums of R. solanacearum caused 30.30 to 35.80% reductions in 
chlorophyll contents over un-inoculated control. Similarly, simultaneous inoculation 
of 2000 juveniles of M javanica with increasing inoculum of R..volonacearum caused 
39.93 to 47.31 % reductions in chlorophyll content. Different combinations of M 
javanica with X campestris pv. vesicaroria caused 14.86 to 46.43 % reductions in 
chlorophyll content while various combination of R. solanacearum plus X. campestris 
pv. vesicatoria caused 14.90 to 38.17 % reductions in chlorophyll content. Combined 
inoculation of all three pathogens (Al javanica plus R. solanacearum plus X. 
campestris pv. vesicatoria) caused 19.22 to 64.96 % reductions in chlorophyll content 
over un-inoculated control ([able 10). 
2.0 Effect on nematode multiplication and galling 
Nematode multiplication was density dependent, being highest (26.87 fold) at 
500 inoculum level and lowest (13.81 fold) at 2000 inoculum level of Al javanica 
(Fig. 6 and 7). Nematode multiplication consistently decreased in combined 
inoculations with the increase in bacterial inwulum. Reduction in galling and 
nematode multiplication was higher when Al javanica inoculated plants were 
inoculated with both bacteria i.e. R. solanacearum and X. campestris pv. vesicatoria. 
Nematode multiplication was 24.48 and 29.12 fold when lowest inoculum (5 
ml) of R. colanacearum and X campestris pv. vesicatoria were inoculated with 500 
juveniles of Al. javanica respectively (Fig. 6 and 7). Nematode multiplication 
decreased to 15.70 and 18.28 fold when 500 juveniles of ,W.. javanica was inoculated 
with highest inoculum of R. solanacearum and X campestris pv. vesicatoria 
respectively. Multiplication was observed 12.80 and 13.92 fold when 5 ml of R. 
soltmacearum and X campestris pv. vesicaloria were inoculated with 2000 juveniles 
of M javanica but it decreased to 9.29 and 9.71 fold at highest nematode inoculum 
plus 20 nil of R. solanacearum and X campesiris pv. vesicatoria were used 
respectively. Nematode multiplication was 26.88 times when 5 ml inocula of both 
bacteria were used with 500 juveniles of Al javanica. Multiplication was 6.43 times 
when highest inoculum of both bacteria was simultaneously inoculated with 2000 
juveniles of M jalanica. 
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2.1) Bacterial wilt and leaf spot indices 
Bacterial wilt and leaf spot indices were I when lowest inoeulum of R. 
solanacearum and X campestris pv. vesicaroria were inoculated respectively (Table 
10). Bacterial wilt and leaf spot indices were 3 when 10 or 20 ml of R. solanacearum 
and X campestris pv. vectcatoria were inoculated respectively. Wilt and leaf spot 
indices were 2 when 500 juveniles of ALL javanica plus 5 ml of R. solanacearum, 500 
juveniles of M javanica plus 5 ml ofX campestris pv. vesicatoria. 1000 juveniles of 
tvI javanica plus 5 nil of X campestris pv. vesicatoria and 5m1 of R. solanacearum 
plus 5 ml X campestris pv. vesicaloria were used. In other combined treatments 
indices were 3-5 (Table 10). 
Experiment 3. Studies on individual, simultaneous and sequential inoculations of 
Ralstonin salanacenrtml, Meloidogyne javanica and Xanthomonue cnmpestris pv. 
vesicatoria on tomato growth, nematode multiplication and disease development. 
Inoculation of R. solanacearuni, M. im aniea andX campestris pv. vesicatoria 
applied individually caused significant reductions in plant growth over the control 
(Table II Plate II). Inoculation of Al, javanica caused a greater reduction in plant 
growth followed by R. solanacearum and X campeslris pv. vesicatoria. When two 
pathogens were inoculated together, inoculation of K solanacearum plus M javanica 
caused a greater reduction in plant growth than R. solanacearum plus X campestris 
pv. vesicaloria. Inoculation ofM. javovnica plus X csmpesiris pv. vesicatoria caused a 
similar reduction in plant growth as that caused by R. solanaeearum plus M. javanica 
(Table I1 Plate 11). 
In treatments where one pathogen was inoculated 15 days prior to another 
pathogen, inoculation of Al javanica prior to inoculation with bacterial pathogens 
caused a higher reduction in plant growth compared to inoculation of the bacterial 
pathogen before inoculation with nematodes or inoculation of one bacterial pathogen 
prior to inoculation with another bacterial pathogen (Table 11). In treatments where 
all three pathogens were used, inoculation of A'! javanica 15 days prior to the two 
bacterial pathogens caused the greatest reduction in plant growth, which was similar 
to plants where alt the three pathogens were inoculated simultaneously. Inoculation of 
R. solanacearum plus X. campestris pv. vesicatoria 15 days prior to M. javanica 
caused less reduction in plant growth than plants inoculated with all three pathogens 
simultaneously. Inoculation of plants withX. campestris pv. vesicaloria 15 days prior 
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to Al javanica plus R. solanacecnenn caused an almost similar reduction in plant 
growth as that caused by inoculation of R. solanacearum prior to *1. javanica plus X 
campestris pv. vesicatoria or inoculation of Al. javanica plus X carnpestris pv. 
vesicatoria prior to R. solanacearum (Table 11). 
3.A Effect on plant dry weight 
When plants were inoculated with R. solanacearum, Al. javanica and X 
campestris pv, vesicatoria separately, there were 20.35, 28.79 and 16.25 % reductions 
in plant dry weight over control (Table 11, Fig. S). When two pathogens were 
inoculated together, inoculation of R. sola ucearum plus M javanica caused 45.45 % 
reduction in plant dry weight however, X campestris pv. vesicatoria plus Al Jovonica 
caused 43.12 % reduction. When both bacteria were inoculated simultaneously the 
reduction in plant dry weight was only 38.01 % (Table 11, Fig. 8). 
In treatments where one pathogen was inoculated 15 days prior to auothcr 
pathogen, inoculation of Al javanica prior to R. solanacearum and X campestric pv. 
vesicaloria resulted in 50.48 and 48.70 % reductions in plant dry weight 
respectively, however prior inoculation of R. solanaeearton and X. campestris pv. 
vesicatoria followed by Al. javanica caused 39.97 and 42.08 % reductions in plant dry 
weight respectively. Inoculation of R. solonacearum prior to X, campeslris pv, 
vesicatoria and vice-versa caused 39.53 and 37.56 % reductions in plant dry weight 
over control (Table 11, Fig. 8). 
In treatments, where all three pathogens were inoculated together reduction in 
plant dry weight was 66.47 %. Fitleen days prior inoculation of R. solanacearum plus 
M javanica followed by inoculation of X. campestris pv. vesicatoria and inoculation 
of X campestris pv. vesicatoria plus Al javanica followed by R. solanacearum 
caused 65.03 % plant dry weight reduction in the former and 64.40 % reduction in the 
later. When nematode was inoculated first and R. solanacearum plus X campestr, 
pv, vesicatoria were inoculated 15 days later the reduction in plant dry weight w 
68.10 %, but reduction was only 62.81 % when both bacteria were inoculate 
simultaneously 15 days prior to nematode. 
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PLATE- II 
C=Control, R= Ralsionia .%olanacearum, X= ,Tanthomonas campestris pv. esicatoria, MMeIoidogynejaranica 
3. Ss mptoms on R+h1 and X+M inoculated plants 4. Symptoms on R+M+X inoculated plants 
Table 11, Interactions of Kalstonh so!anacearum„ReioiaoXnejrvaairaandXanthomonas compesuis pv. sticaroa on lomalo 
Treatments Plant length 
(emj 
Plant fresh 
weight (g) 
Plant dry 	P
er
cent 
veight(g) 	
Weduelimiin 
plant dry 
neighiover 
control 
Total 	WilUleaf 
	
Chlorophyll 	spot 
fresh 	ivdey 
Im I leaves 
conlrol 87. :6a 27.02¢ 2.6@8e 
Rs' 	Individual inoculation 
M' 
Xc 
79.88 58.4c 21,52c 20.36 2.2396 3 
73.1c 54.64 1924d 28.79 2.1986 
8158 	61.6b 	22.636 16.25 	2.2801b t 
Rs+`Mi cnrvhind inuculzdoo of 	64,4 6h 	c3.7gh 	K 74h 
two 	 68.Sdef 	45 Mg 	IS,P h 
71''d 	47AVP 	I6.7e 
66,5f 	4fi9ef 	I(i22ef 
72:cd 	48,8e 	1634e 
One first and other later 	'612h 	40.6i 	I3,3i 
66.lIg 	41,9hi 	I1,86i 
70.2cde 	4i2ef 	l.65fg 
"I t 49.2e 	16.87e _c 
45.45 	I.4721 5 
S 
S 
S 
Mj+Xc 
Rs+Xc 
43.12 	I.60ac 
38UI 	l.882e 
39.97 	I.BU6cd 
39.53 	L834c 
Rs 	1 
Rs-Xc 
hi -Ks 5114S L312 
hij -Xc 48,70 l,423f 
Xc-Mj 42,08 Iblse 
Xc__Rs 37.56 1722d 
Rs-'M+Xc 	One pUm.1rstandno 	5I,6ii 
Mj 	1Rs+kc 	later 	 4$2k 
Xc~14'Ri SlUi' 
3U.61k 9.70jk 64.10 2830 
2631 8.621 68.10 11751 
311* 926' 6151 1314g i 
Rs+h1' 	-Xc Twnl'usl and one Idler 47.9k 294'k 94)k 65,03 1,290gh  
Uj-Xc ERs 48.4jk 316'k 962'k 6440 1 5 
R,-Xc AM' S3,6i 31,8' IVAS, 62.81 I42 f 5 
8 719'+Xe All three together 482'k 	2 	Ski 9,U6k1 66,41 1.23~iL $ 
L.S.D. 3' 	29 G.68 - U.1 P4 
Rs=Ralstamasolanaceanmr,llj°Meloidoynlavareica Xc=,Yanrhn;orfzomp;arns pv. tesrcmria 
values in a rolamn followed by the same letter are not significantly diferent, P<U,05, Least Sigv,meant Difference. 
+`=s1multancmisioocilalion; _d - inoculalonISdaysalter first inoculation 
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Fig 8- Effect of individual, simultaneous and sequential inoculations of R. 
.w!unueean•run, Al. javanica and X. campestris pv. vesicaloria on plant dry weight 
and total chlorophyll (mg/g) fresh leaves of tomato plants under pot conditions. 
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Fig 9- Effect of individual, simultaneous and sequential inoculation of R. 
sn/rrmlccuruin. W. javwiica and .t. cWmp)estres pv. rcdC!dOrlCI on nematode 
population and no. of galls per root system of tomato plants under put 
conditions. 
The percent reduction in plant dry weight was 64.10 % when R. solanacearunr 
inoculated 15 days prior to the inoculation of M. juvanica plus X. cumpestris pv. 
vesicaloriu, whereas the prior inoculation of X. campestri.c pv. vesicatoria and At 
javanica plus R. solanaceartun 1 S days later caused 63.51 % reduction over control 
(Tible II, Fig. 8). 
3.13 Effect on chlorophyll content 
Inoculation of R. solunacecorum. M. juvanicu and X. campesiris pv. vesicaturiu 
applied individually caused significant reduction in chlorophyll content over control 
(Table 11. Fig. 8). Reduction in chlorophyll content caused by M. javanica was 
statistically similar to R. solunacearum or X campestris pv. vesicatoria. When two 
pathogens were inoculated together, inoculation of R. solanacearum with M. javanica 
caused 43.56 % reduction in chlorophyll content followed by M. javanica plus X. 
campestris pv. vesicaloria (38.50 %). Simultaneous inoculation of R. solanacearun: 
plus X campeslris pv. vesicaroria caused 27.84 % reduction in chlorophyll content 
(Table 11, Fig. 8). 
In treatments where one pathogen was inoculated 15 days prior to another 
pathogen, inoculation of At javanica prior to R. solanacearum caused 49.69 % 
reduction in chlorophyll content while inoculation of ,11. javanica prior to X. 
campestris pv. Yesiculoria resulted in 45.44 % reduction in chlorophyll contents o~cr 
un-inoculated control. Inoculation of R. solar acearron 15 days prior to DUI. javanica 
caused 30.75 % reduction while inoculation of X campestris pv. vesicatoria 15 days 
prior to M. javanica caused 38.08 % reduction in chlorophyll content over un-
inoculated control (Table II. Fig. 8). 
In treatments where all three pathogens were used, inoculation of M. )avanica 
15 days prior to R. .colunuceuruur plus X. campesiris pv. vesicaloria caused 54.95 °,% 
reduction in chlorophyll content and 53.72 % reduction was observed in treatment 
where all three pathogen were inoculated simultaneously. Reduction in chlorophyll 
content was 45.25 % only in plants inoculated with R. .colanacearurn plus .V 
campestris pv. vesicaloria 15 days prior to 11 javanica (Table 11, Fig. 8). 
3.0 Effect on nematode multiplication and galling 
R .vulunoceurunn and X carrpc.c1ris pv. vesicaloria adversely affected 
nematode multiplication and galling, the adverse effect of R. solanaceurum was 
99 
greater than that of X cannpesiris pv. vesicatoria (Fig. 9). The nematode 
multiplication was 13.57-told when ti. jcrvunica was inoculated alone. The 
multiplication was reduced to 10.93- and 11.86-fold when .t-1. jcnccnica was inoculated 
with R. solanacearum and A campestr!s pv. ti•esicaloria respectively. When R. 
solunacearuin was inoculated prior to M.  javanica the multiplication was 9.71-fold 
and -,%hen X. cumpe.srri.s pv. vesicutoria was inoculated prior to nematodes the 
multiplication was 11.02-fold. When nematodes were inoculated prior to R. 
.volcuuu•eurnm the multiplication was 11.91-fold and when nematodes were inoculated 
prior to .1'. eanrlrtnsnri.e pv. ucsiea(nria the multiplication was 12.92-told. When all 
three pathogens were inoculated together nematode multiplication was 7.71-fold. In 
other combinations where one pathogen was inoculated prior to the remaining two 
pathogens or two pathogens were inoculated prior to the remaining one pathogen, 
nematode multiplication ranged from 5.79- to 8.90-fold (Fig. 9). 
3.1) Bacterial milt and leaf spot indices 
The sw ilting index was 3 when R. solancrceurursr was inoculated alone (fable 
1 1). The leaf spot index was also 3 when X. campestris pv. resicaloria was inoculated 
alone. In other treatments, where R. solanacearum and A' ccrmpestris pv. ►csiealorid 
were inoculated together or these were inoculated with Al jurunica. the indices were 
Experiment 4. The effects of Glomus intraradices, Chitosan, Aspergillus niger and 
Psendomonas putida on the wilt-leaf spot disease complex of tomato. 
Inoculation of plants \%ithout pathogens with G. intraradicc's, chitosan and P. 
pulida alone and in combination of two or use of A. niger in combination with these 
biocontrol agents significantly increased plant dry weight over un-inoculated control 
(Table 12). Combined inoculation of chitosan with P. putitla to plants \%ithout 
pathogens caused a similar increase in plant dry weight as caused by combined 
inoculation of any two biocontrol agents together (Table 12). 
Inoculation of R..soknngceorui i .L javanica or A ccrmpcsiris pv. rsesicetnrm 
caused it significant reduction in plant dry weight over the un-inoculated control 
(Table 12. Fig. 10). Inoculation of U;. i►oraradices. P. panda. chitosan and A. niger 
caused a significant increase in plant dry weight of pathogen inoculated plants. 
Inoculation of chitosan caused almost a similar increase in plant dry weight of R. 
solanacearum inoculated plants as caused by G. iniraraclices or P. putida / A. niger. 
Combined inoculation of G. intrarudices with chitosan to plants with R. 
solczncceuron caused a greater increase in plant dry weight than by inoculation of G. 
intraradices plus A. niger or chitosan plus A. niger. I lowever, inoculation of chitosan 
with P. putida to plants with R..rolunucearunt caused a similar increase in plant dry 
weieht as the inoculation of G. intraradices with chitosan (Table 12, Fig. 10). 
Inoculation of chitosan caused a greater increase in plant dry weight of Al. 
jcwaniccr inoculated plants than caused by A. niger (fable 12, l ig. 10). Combined 
inoculation of chitosan plus P. putida caused a greater increase in plant dry weight 
than caused by G. intraradices plus A. niger (Table 12. Fig. 10). 
Use of chitosan or P. putidu caused a greater increase in dry weight of plants 
inoculated with X. campestris pv. vesicatoria than by A. niger (Table 12, Fig. 10). 
I lowcver, inoculation of G. intraradices to plants with X campesiris pv. vesicatoria 
caused almost a similar increase in plant dry weight as caused by A. niger. Combined 
inoculation of chitosan plus P. putida to plants with ' campestris pv. vesicaloria 
caused a greater increase in plant dry weight than caused by A. niger plus P. puiidu. 
chitosan plus A. niger or G. in1rurac1ices plus A. niger (Table 12, Fig. 10). 
Inoculation of R. solomceuruin plus Al. javanica or X campestris pv. 
vesicatoria plus Al javanica or R. so1ernuecarurr plus X campestris pv. vesicaloria 
or all the three pathogens together caused a significant reduction in plant dry N%eight 
over the un-inoculated control ('Table 13, Fig. II). Inoculation of chitosan to plants 
inoculated with R. solunaccarum plus Al jaranica caused a greater increase in plant 
dry weight than these plants were inoculated with A. niger. Combined use of chitosan 
plus P. ptuiclu to R. saIarueeur1rm plus Al. jaranicu inoculated plants caused a greater 
increase in plant dry .\-eight than by inoculation of A. niger plus P. pulida or G. 
intrarachce.s plus A. niger (Table 13, Fig. I I ). 
Inoculation of chitosan to plant with X cumpcslris pv. vesicatoria plus Al 
Jurcmicu caused a greater increase in plant dry %%eight than caused by A. niger (Table 
13. Fig. I I ). Inoculation of G. intraradices to plants with X. campesiris pv. 
t'esicatoria plus Al. javanica caused a similar increase in plant dry weight as by 
chitosan / P. putida. Combined use of chitosan with P. putidu caused a greater 
increase in plant dry weight than caused by A. niger plus P putida or G. intraraclice.v 
plus A. niger (Table 13, Fig. 11). 
Inoculation of chitosan to R. sn!anueeorun1l plus X campestris pv. vesictlloriu 
inoculated plants caused a greater increase in plant dry %%eight than by A. niger ('I able 
13. Fig. 11). Inoculation of P. putida to R. so!t1ncrcearunl plus X. cclnrpcsiris pv. 
risiccrwrio inoculated plants caused a similar increase in plant do %%eight as caused 
b% chitosan or G. intrarudice.s. Combined inoculation of chitosan plus P. putida 
caused a greater increase in plant dry weight than caused by A. niger plus P. putida 
or G. intraradkcs plus :1. niger (Table 13, Fig. 11). 
Inoculation of chitosan to plants inoculated with all the three pathogens caused 
a greater increase in plant dry weight than by A. niger / G. inirarac!ites (table 13, Fig. 
l I ). Combined inoculation of chitosan plus P. putida to plants inoculated with all the 
three pathogens caused a greater increase in plant dry weight than caused by G. 
ytraraclkes plus P. pulicla or G. i,,trc,radices plus A. niger or G. inirarclices plus 
chitosan or al. niger plus 1'. panda (Table 1 3. Fig. 11). 
4.A Effect on plant dr} weight 
When plants without pathogens inoculated with G. intraradices. chitosan. A. 
niger and P. putida separately, there were 6.86, 9.74. 4.17 and 8.15 °-o increase in 
plant do weight respectively (Table 12). However, combined inoculation of either of' 
two caused 10.55 to 13.51 % increase in plant dry weight over control (Table 12). 
Simultaneous inoculation of R. so/anaccurun! with G. intraradices. chitosan, 
A. niger and P. putida resulted in 10.24 to 15.89 % increase in plant dry weight over 
control (Table 12). Combined inoculation of chitosan plus P. putida to plants with R. 
.tcilunateartun caused highest (31.77 %) and (I. iniraradic•es plus A. niger resulted in 
lowest (20.70 %) increase in plant dry weight (Table 12). 
Inoculation of P. putic!u to plants inoculated with ,t1. jimclniia caused highest 
(17.99 %) increase in plant dry weight followed by chitosan (17.37 %) and G. 
intraradices (13.13 %). I lowevcr inoculation of A. niger resulted in lowest (8.89 %) 
increase in plant dry weight over control (Table 12). Simultaneous inoculation of 
chitosan plus P. putida showed maximum (32.37 %) while G. inirurculkes plus A. 
niger resulted in minimum (21.1(1 %) increase in plant dry weight (Fable 12). 
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Table 12. The effects of Glonnns intraradices (Gi), Chitosan (Ch), Aspergillus niger (An) and Pseudornonas putida (Pp) alone 
and in combination of two on the root•knot, wilt and leaf spot disease of tomato caused by ;lfeloiefogynejavanica (M1j), Ralstonia 
solanacearum (Rs) and Xanthomonas campestris pv. vesicaloria (Xc) respectively C= Un•inoculated control 
Treatments Plant length 
(cm) 
Plant 
fresh 
weight (g) 
Plant dry 
weight (g) 
Percent 
increase in 
plant do 
weight 
over 
control 
Total 
Chlorophyll 
(mglg) fresh 
leaves 
Wilt/ 
leaf 
spot 
index 
Percent 
root 
colonization 
by AM 
fungus 
Colonization 
by P. pnrida 
(CFGIg root) 
C 86.9gr 71.8ijkl 27.10ijk - 2.614k 
Gi 92 emno 78.2cd 28.96cdef ! 	6.86 2.767f 60cd 
Ch 94.3ijklmn SO,Ibc 29.74abcd 9.74 2.864e 
C An 9l,6nop 16 2defe 28.23efghi 4.17 2.724fghi - - - 
Pp 93.4klmno 17.9d 29.31 bcde 8.15 2.89e 2.9X 10 
Gi+Ch 97.2defghi SI.Iab 3054abc 12.69 2.970abc - 66a 
Gi+An 96.7defghij 80.9ab 30.15abc 11.25 2,942bcd • 58cdef 
Gi+Pp 98.Sbcdef 32,7a 30.76a 13.51 3.015a - 69a 3.6x10 
Ch+An 95.8ef;hijkl 80.3k 29.97abcd j 	10.59 2.925cd ________________________ 
Ch+Pp 98.2bcdefg 81.1ab 30.62a 12.99 2.980ab - • 3,7x10 
An+Pp 95.3fghijklm 80.eb 29.96abcd 10.55 2.9lOde - 2.8x10' 
C 78.2u 58.7u 21S9st - 2.131x 3 
Gi 90.6op 66.Is 24.45o 13.25 2.440 	r 2 54fgh 
Ks Ch 92.lmno 68.9 25.O2mnop 15.89 2.492mnop 2 
An 86.7gr 65.6s 23.S0pgr 10.24 2.3271 2 
Pp 88.8pq 67.1grs 24.81nop 14.96 2.430grs 2 - 2.4X10' 
(Ch 	99.2bcd 	74.2eh 	_86fehij 	29.04 
GiAn 	97.1defghi 	70.7lninop 	26.06khmi 	20.70 
2.132Ie 
2.SI6mno 
I 59cde 
1 4911 
Gi+Pp 98.6bcde 72.3jklm 	! 27.27hijk 	26.31 2.670ij I 62k 	3.6xI0 
Ch~An 97.6cdefgh 71.3klmno 	26.11k1m 	21.21 2.5401m I 
ChPp I00.7abc 76.6def 	28.45efgh 	31.77 2.632jk I • 3.2l0  
Anp 91.8cdef,h 71.8klmn 	26.63jk1 	23.34 2.595k I 2.2x10 
L- 
Gi 
I13.0 
	
54,7v 	19.34u 	- 
62.7t 	21.88st 	13.13 84.4rs 2.358tu►v Sohi 
Ch 86.7 r 65.9s 	12.7Ors 	17.37 	2.415no 
An 79.Itu 58.Ou 	21.06t 	8.89 	1.246w  
Pp 81? r 61.71 	12.82rs 	17.99 	2.43 	rs 2.3x10 
h1j 	Gi-Ch I99.7hijklmn 69.Snop 25.I5mno 	30.04 	1.610k SSefg 
GiAn 	96.8op 66.6rs 23.42gr 	21.10 4 45J 
GiPp 	95.2ehiklm 10.4mno 25.30mno 	30.82 ~Z94ghi S9cde 3.Ix10 
Ch+An 	94.1jklmn 	69.Sop 25.IOmno 	29.78 	2.582k1 
Ch-Pp 	96.6defghijk 	71.3klmno 25.601mno 	32.37 	2.746fe . 3.Ix105 
An+Pp 	93.21mno 	68.6pqr 24.8tnop 28.65 	2.5401m - • 2.0x 105 
C 	81.8st 	61.11 1 22.63rs 2 87 v 3 
Gi 	92.3mno 	69.lpq 25.491mno 12.64 	2,354uv 2 	 j 	Sldefe 
Ch 	9S.1ghijklm 	71.9kImn _X.27klm _ 
24.100pq 
16.08  2.447Pgr 
An 	885N 66.1s 7.82 2.23h 2 
Pp 	90.5o 69.4op 25.71Imn 13.74 2.382stu 2 2.6x105 
Xc Gi+Ch 	101.3ab 	75.2cfah 	28.12efehi 	114.26 2.586k1 I 62k 
Gi+An 91.5cdefghi 	73.3hijk 	1.28hjk 	20.55 2.478nopq 	I 	S3ohi 
Gi+Pp 99.7bed 	774.6f hi 	17.65ghij 	22.18 2.525mn I 65ab 3.3xI05 
Ch+An 97.Idef hi' 	73.0i'k 	27 24hijk 	20.37 2.465o I 
Ch+Pp 103.2a 	76.9de 28.15def 	27.04 2.679hij I • 3.2I0  
An-Pp 94.6hijklmn 	72.ljklm 26.76k1 	18.25 2.41Orsl 1 .3x 10' 
#Values in a column followed by the same letter are not significantly different at P < 0.05. Tukey's test. 
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Treatments 
'ig 10- l ffect of G. inn•arudices. Chitosan. A. niger and P. putida on plant dry weight 
ad total chlorophyll (mg/g) fresh leaves of tomato plants inoculated with sinelc 
rathogens under pot conditions. 
In plants inoculated with ,1'. cunrpc.slri.s pv. vesicutoriu inoculation o1 chitosan 
caused a greater (16.08 %) increase in plant dry weight as compared to other biocontrol 
agents used (Table 12). Combined inoculation of chitosan plus P. panda to plants 
inoculated ith X. campestris pv. vc'.cicaturiu caused highest (27.04 %) increase in plant 
dr> weight over control followed by G. intrcu-actices plus chitosan (24.26 %). G. 
intrciraclkes plus P. pwicla (22.18 %). G. intraradiccs plus A. niger (20.55 %). A. ni,icr 
plus P puti(lu caused lowest (18.25 °%) increase in plant dry weight (table 12). 
In plants inoculated with R. solunaccarum plus M. javanica. inoculation of 1'. 
putic/u caused maximum (23.58 °ro) increase in plant dr\ weight followed by chitosan 
(22.64 °S,), and (i. iH:rc:ractiee.~ (18.60 °,%). However A. niger showed minimum (13.21 %) 
increase in plant dry weight over control (Table 13). Combined inoculation of biocontrol 
agents in plants inoculated with R. so1anoaatrun plus W. javanica, inoculation of 
chitosan plus P. putidu caused highest (46.43 %) increase in plant dry weight followed by 
G. imratealiees plus chitosan (43.80 °.'o), chitosan plus A. niger (41.64 %), G. inftcrraclices 
plus 1'. pu/ida (39.82 %o).:1. niger plus 1'. putida (36.25 %) and G. intraradices plus A. 
n t er (33.83%) over control (Table 13). 
Inoculation of chitosah. G. iurarctices and 1'. puticla to plants inoculated with X. 
canlpeslri.s pv. vesicaioria plus Al. javanica caused 17.45 to 23.01 % increase in plant dry 
\%eight while A. niger showed lowest (15.13 %) increase in plant dry weight over control 
(Fable 13). Combined use of A. niger plus P. /nrticicr caused minimum (33.74 0/) and 
chitosan plus P. putida caused maximum (49.32 %) increase in plant dry weight over 
control in plants inoculated with X. carcpestri.c pv. ve.cieauoria plus Al. javanica 
(Table 13). 
In plants simultaneously inoculated with R. solunucearrun plus X. cunpes(ris pv. 
recicaloria, chitosan showed 21.25 % increase in plant dry w-eight (Table 13). l lowever. 
G. iniraraclices, A. niger and P. putidu caused 15.13, 7.48 and 18.69 % increase in plant 
dr 	eieht over control. Combined inoculation of chitosan plus P. putidu caused 
maximum (40.17 %) and .1. niger plus P. prctic/a caused minimum (27.00 %) increase in 
plant do weight over control (Table 13). 
Inoculation of chitosan to plants inoculated with all the three pathogen resulted in 
64.52 % increase in plant dry' %%eight followed by G. inlrarocliee.v- (51.31 %) and A. niger 
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Table 13.The effects of Glomus intraradices (Gi). Chitosan (Ch), Aspergrllus niger (An) and Pseudomonas putida (Pp) alone and in 
combination of two on the wilt and leaf spot disease complex of tomato caused by Gblefoidqgnjavanica (Mj). Ralsionia soIaneearum 
(Rs) and Xanihomonas campestris pv. vesieatoria (Xc) C= Un-inoculated control 
Treatments 	Plant length 
(cm) 
Plant fresh 	Plant dry 
weight (g) 	weight (g) 
Percent 	Total 
increase in 	Chlorophyll 
plant dry 	(mg g) fresh 
Height over 	leaves 
control 
Ililtl leaf 
spot 
index 
Percent root 
colonization 
by ..I 
fungus 
Colonization 
by P. puiida 
(CFtlg root) 
C 86.9lmn 72.8c 	27.IOe 2.614¢ 
Gi 925efgh 78.2cd 	28.96cd 6.86 	2,7671 - 60c 
Ch 94.3cdcfg 80.Ibc 29.74abc 9.74 	2.861e 
An 91.6ghij 76.2d 28.23k 4.17 	2.724f 
Pp 93.4defg 77.9d 29.31hcd 8.15 	2.890de 2.9xl0 
C Gi-Ch 97.2abc 81.lab 30.54a 12.69 	2.970abc • 66ab 
Gi-An 96.7abe 80.9ab 30.l5cb 	1I25 	2.942kd 58cd 
Gi-p 98.5a 82.7a 30.76a 	 13.5I 	3.01Sa 69a 3.6xl0' 
Ch=.an 95.Sabcd 80.3b 29.97ak 	10.59 	.2.92Sbcde 
Ch-P 982ah 81.7ab 30.62a 	 12.99 	2.980ab 3.7x10 
An• 95.3bcde 80.5b 29.96abc 	IO,SS 	2.910ede :.8X10 
C 64.IFG 43.5x 14.84 	 I.552B 5 
Gi 74 	z 50.6tu 17.60stu 	18.60 	1.768«x 4 41kmm 
Ch 78.Oswx 52.Srst 1820rs 	22.64 	I.875uv 4 
An 71.4zAB 	48.4s 16.80tuv 	1 ±?I 	l.684vza 4 
Pp 76.8um 51.8stu 18.3 	rs 23.58 	I.910stu 4 2.0x1 
RS Gi-Ch 84.2nop 61.8ij 21.34jklm 	43.80 	2.I45lmn 
19.S6nop 	33.83 	2.060 
3 41 	i 
Gi-.An 79.7stustiv 54.3r 3 381m 
Gi 81.4 	rstu 58.61m 20.15klmn 	39.82 	2.Illmnop 3 59c 2.8x10 
Ch-.An 83.5opgr 76.3d 21.02jklmn 	41.64 	2.I3SImno 3 
Ch- 86.6lmn _ 63.6hi 21.73hijk 	46.43 	2.180k1 _ 3 2.9x10 
~n 80.7 rstuv 56.7mno 20.22mno 	36.25 	2.070h 3 2.0X I0  
Xc-Mi 
C 	(i8.7BCI) 	4 	3 	I 	 I.62 1 	 ~ 	J~ 
Gi 	i8 omvx 	~ ~2.arst 	IS.I7rs 	 17.45 	1.81Mv 	4 	43i'k 
Ch 	81.9 	rs 	54.3pyr 	l9.03 pr 	23.01 	1995r 	 4  
An 	76.2xv 	50?uv 	17.81st 	 1513 	1.765 	x 4 
P 	180.6rstuv 	53.5 rs 	l9.00 	r 22.82 	I.890u 	 4 
Gi+Ch 	89.5ijkl 	63.8hi 	22.85f h 	47.71 	2.364hi 	 3 	50ef 
 2.2I0 
Gi+An 	836°N 57.3mn 2l,72hijk 40.40 2.186jkl 3 	40klra 
GiftiPp 	87.3klm 61.4jk 1.2.1 S ghi' 43.18 12 245j 3 62bc 2.9x I0 
Ch-An 	90.lhijk 59.6k] 22.60ffhi 46.09 
49.32 
2.3101 3 
Ch'Pp 	92.7efeh 66.2fg 23.IOfe l.388h ? 3.110 
An+Pp 	S5.4mno 56.9mn 20.69kImn 33.74 2.01So 3 2.2x10 
C 71.8zA 47.71% 16.85tuv 1.742zv 5 
Gi 8I.7pgrst S4.8o 19.40opq 15.13 I ,968rs 4 52ef 
Ch 84.9mno 57.Omn 20.43lmno 21.25 2.176klm 4 
An 78.9tuvwx 52.6rst 18.IIrs 7.48 1.865uv 4 
Pp 
Rs 1c 	Gi Ch 
83.4opgr 
94.bcdef 
56.Onop__ 
68.If 
20.00nop 
23.581 
	
 18.69 	2.024gr 
39.94 	2.398h 
- 4 
2 1 	54de 
2.3l0  - 
Gi-An 88.7jkl 61.'jk 21.47ijkI 27.42 	2.239jk 3 48fgh 
Gi-Pp 
('h+An 	i 
91.3fehi 
94.6cdef 
64.7gh 
67.3f 
22.96fg 
23.071 
36.26 	2.364hi 
36.91 	2.385h 
3 45h1j 	2.8I0 
2 
Ch+Pp 	, 97.2a 70.9e 23.721 40.17 2.420h 2 3.2!0  
An-Pp 	:90.Ihijk 61.Sij 21.40jkl 27.00 2.I90jkl 3 • 2.I10 
C 	48.5K 28.8E 9.16z • 1207D 5 
Gi 	38.411 34.9C 13.86)' 51.31 1.426C 4 31m 
Ch 	61.7611 
An 	'~ 	X5.811( 
~3'IA6 IS.07x 64.52 	I.521B 4 
4~ ~- - 7D  13.7S)~ 50.1I 	I.408C 
Pp 	60.7111 36.1BC I5.88~►x 73.36 	1.668tA 4 	- 1.7x10 
Rs-M9j-Xc Gi+f h 	69 2ARCD 	39.7vz 
Gi+An 	64.6EF 	38.6zA 
I8.26grs 99.34 	1.903tu 3 	42jkl 
3 	32n 16,65uvw 81.77 	1.730x%lz 
Gi+Pp 	68.3CD 	39.?vz 	I7.72stu 93.45 I.882u 3 	S1ef 2.4xl0- 
- Ch+An 	69,1 ABCD 	40,Svz 	I8.90pgr 106.33 2.086nopq 3 
3 (h+Pp 	70.8ABC 	4I2v 	19.40opg 117.90 2.1691m 2.4xI0 
I.7x I0' An+Pp 	66.SDE 	38.7A I7.90rst 95.41 1.963rsi 3 
*b'alues in a column folloiced h' the same letter are not sift nificantly different at P < 0.05. Tukev's test. 
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Fig 11- Effect of G. intraradicc.s, Chitosan. A. niger and P. putida on plant dry 
weight and total chlorophyll (mg/g) fresh leaves of tomato plants inoculated 
with combination of pathogens under pot conditions. 
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Fig 12- Effect of G. inlraraclices, Chitosan, A. niger and P.puticla on nematode 
population and no. of galls per root system of tomato plants inoculated with 
combinations of pathogens under pot conditions. 
(50.11 %) increase in plant dry weight over control (Table 13). The percent increase in 
plant dry weight was maximum (73.36%) when plants with all the three pathogens were 
inoculated with P. pwida. In plants inoculated with all the three pathogens, combination 
of chitosan plus P. putida caused highest (117.90 %) increase in plant dry weight 
followed by chitosan plus A. niger (106.33 %), G. i,,uvaadices plus chitosan (99.34 %), 
A. niger plus P. pdida (95.41 %), U. imraradices plus P. pulida (93.45 %) and G. 
intraradices plus A. niger (81.77 %) (Table 13). 
4,11 Effect on chlorophyll contents 
Inoculation of plants without pathogens with G. in!raradices, P. putida and 
chitosan and A. niger alone or these biocontrol agents in combination of two caused a 
significant increase in chlorophyll contents over uninoculated control (Table 12, Fig. I0). 
Maximum increase in chlorophyll contents was observed when plants without pathogens 
were inoculated with G. iniraradices plus P. pwulida. 
Inoculation of R. solanacearum / Al jovanica / X campestris pv. vesicatoria 
caused a significant reduction in chlorophyll contents over un-inoculated controls. 
Inoculation of plants with R. solanacearum / Al javanica / X. campestris pv. vesicatorlo 
and application of G. intraradices, P. putida and chitosan and A. niger alone or these 
biocontrol agents in combination of two caused a significant increase in chlorophyll 
contents over plants inoculated with pathogen alone. Maximum increase in chlorophyll 
content of R. solanacearum or X. campestris pv. vesicatoria inoculated plants was caused 
by G. intraradices plus chitosan while application of chitosan plus P. putida caused a 
greater increase in chlorophyll content of Al javanica inoculated plants (Table 12, Fig. 
10), Similarly, Inoculation of plants with two pathogens or all the three pathogens 
together caused a significant reduction in chlorophyll contents over un-inoculated control 
(Table 13, Fig. 11). However, Inoculation of plants with two pathogens or all the three 
pathogens together and use of G. inlrmvdices, P. panda, chitosan and A. niger alone or 
these biocontrol agents in combination of two caused a significant increase in chlorophyll 
contents. Maximum increase in chlorophyll content of R. solanacearum plus M javanica 
inoculated plants was caused by C. intraradices plus chitosan while application of 
chitosan plus P. putida caused a greater increase in chlorophyll content of X campestris 
pv. vesicatoria plus Al javanica / R. solanacearurn plus X campestris pv. vesicatoria 
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inoculated plants or when all the three pathogens were inoculated together (Table 13, 
Fig. II). 
4.0 Effect on nematode multiplication and galling 
The nematode multiplication and galling was high when Al. javanica was 
inoculated alone (Fig. 12). R. .solanacearu n and X campestris pv. vesicatoria 
adversely affected nematode multiplication and galling. P. p /ida caused higher 
reduction in galling and nematode multiplication followed by chitosan. G. 
intraradices and A. niger. Combined inoculation of chitosan with P. putida was best 
in reducing galling and nematode multiplication while use of G. intraradices with A. 
niger was least effective among combined treatments (Fig. I2). 
4.D Bacterial wilt and leaf spot indices 
Wilt and leaf spot indices were 3 when R. solanacearum / X campestris pv. 
vesicatoria was inoculated respectively (Table 12). The indices were reduced to 1.2 
when R. solanacearum or X campestris pv. vesicatoria inoculated plants were treated 
with G. intrarudices / chitosan (P. panda or A.niger, Inoculation of two biocontrol 
agents together to P solanacearum / X campestris pv. vesicatoria inoculated plants 
reduced indices to I. Inoculation of two pathogens or all the three pathogens together 
resulted in wilt index / leaf spot indices to 5 (Table 13). Inoculation of G. iniraradices 
/ chiiosan / P. putida or A, niger to plants with two or three pathogens together reduce 
indices to 4 while inoculation of two biocontrol agents together to these plants 
reduced indices to 2-3 (Table 13). 
4.E Effect on rout colonization 
Root colonization by G. intraradices was high when inoculated alone (Tables 
12 and 13). Root colonization by G. intraradices or P. putida was reduced in the 
presence of pathogens. Root colonization by AM fungus was increased when G. 
intraradices was inoculated with chitosan or P putida, while it was reduced when 
inoculated with A. niger. Similarly, root colonization by the P. putida was increased 
when inoculated with chitosan or G. intraradices (Tables 12 and 13). 
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Experiment 5. Effects of Aspergillus awarnori, Pseudomonas fluorescens and 
Bacillus subte/is on the wilt-leaf spot disease complex of tomato. 
Inoculation of plants without pathogens with B. subtilis, P. fluorescens alone 
or use of A. awamori in combination with these bioeontrol agents significantly 
increased plant dry weight over un-inoculated control (Table 14). Inoculation of A. 
awamori alone to plants without pathogens caused non-significant increase in plant 
dry weight over un-inoculated control. Inoculation of plants without pathogens with 
P. fluorescens caused a similar increase in plant dry weight as caused by B. subtilis. 
Combined inoculation of P. ,Jluorescens with B. subtilis to plants without pathogens 
caused a similar increase in plant dry weight as caused by combined inoculation of all 
the three biocontrol agents together (Table 14). 
Inoculation of R. solanacearum / Al javanica or X campesiris pv. vesicatoria 
caused a significant reduction in plant dry weight over the un-inoculated control 
(fable 14, Fig. 13). Inoculation of B. sub/ills, P. Jluorescens and A. awamori caused a 
significant increase in plant dry weight of pathogen inoculated plants. Inoculation of 
P. fluorescens caused almost a similar increase in plant dry weight of R. 
solanacearurn inoculated plants as caused by B. subtilis. Combined inoculation of B. 
subtilis with P. Jluorescens to plants with R. .solanacearum caused a similar increase 
in plant dry weight as caused by inoculation of all the three biocontrol agents 
together. However, inoculation of P. Jluorescens with A. au+amori to plants with R. 
solanacearum caused a similar increase in plant dry weight as by the inoculation of A. 
awamori plus B. subtilis (Table 14, Fig. 13). 
Inoculation of P. Jluorescens caused almost a similar increase in plant dry 
weight of M javanica inoculated plants as caused by B. subtilis or A. awamori (Table 
14, Fig. 13). Inoculation of A. awamori plus P. fluorescens to plants with M javanica 
caused a similar increase in plant dry weight as by A. awamori plus B. sublilis. 
Combined inoculation of all the three biocontrol agents together caused maximum 
increase in plant dry weight and it was similar to that caused by B. subtilis plus P. 
fluvrescens (Table 14, Fig. 13). 
Use of P. fluorescens caused a similar increase in dry weight of plants 
inoculated with X campestris pv. vesicatoria as by B. subtilis or A. awamori (Table 
14, Fig. 13). Combined inoculation of all the three biocontrol agents together to 
plants with X campestris pv. vesicatoria caused a similar increase in plant dry weight 
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as caused by P. fluorescens plus A. awamori. Combined inoculation of all the three 
biocontrol agents together to plants with X campestris pv. vesicatoria caused a 
greater increase in plant dry weight and it was similar to that caused by A. awamori 
plus P. fluoresces-is / A. awarnori plus B. subtilis or P. fluorescens plus B, subtilis 
(Table 14, Fig. 13). 
Inoculation of R. solanacearurn plus U. javanica or X. eampeslris pv. 
vesicaloria plus M. javanica or R..solanacearum plus X campestris pv. vesicaloria or 
all the three pathogens together caused a significant reduction in plant dry weight over 
the un-inoculated control (Table 15, Fig. 14). Inoculation of P. fluorescens to plants 
inoculated with R. solanacearmn plus M javanica caused a similar increase in plant 
dry weight as by B. subtilis or A. awamori. Inoculation of P. fluorescens with B. 
subtifis caused a greater increase in plant dry weight of R. solanacearom plus M. 
jovanica inoculated plants than caused by A. awamori plus B. subtilis. Combined use 
of P. fluorescens plus B. subtilis to R. solanacearrt plus Al javanica inoculated 
plants caused a similar increase in plant dry weight as by inoculation of all the three 
biocontrol agents together (Cable 15, Fig. 14). 
Inoculation of P. fluorescens to plant with X campestris pv. vesicatoria plus 
U javanica caused a greater increase in plant dry weight than caused by B. subtilis or 
A. awamori (Table 15, Fig. 14). Inoculation of B. subtilis to plants with X campestris 
pv. vesicatoria plus Al javanica caused a similar increase in plant dry weight as by 
A. awarnori. Combined use of P. fluorescens with B. subtilis caused maximum 
increase in plant dry weight to plants with X campestris pv. vesicaloria plus M. 
javanica and it was similar to that caused by inoculation of all the three biocontrol 
agents together (Table 15, Fig. 14). 
Inoculation of P. ,fluorescens to R. solanacearunr plus X carnpeslris pv. 
vesicatoria inoculated plants caused a similar increase in plant dry weight as caused 
by B. subtilis or A. uvtamori (Table 15, Fig. 14). Inoculation of P. fluorescens plus A. 
muanwri to R aolanaccarwn plus X. caapesris pv. vesicatoria inoculated plants 
caused a similar increase in plant growth as caused by A. awamori plus B. sublilis. 
Combined inoculation of P. fluorescens plus B. subtilis caused maximum increase in 
plant dry weight and similar to inoculation of all the three biocontrol agents together 
(Table 15, Fig. 14). 
Inoculation of P. fluorescens to plants inoculated with all the three pathogens 
caused a similar increase in plant dry weight as caused by A. awamori ! B. subtilis 
107 
Table 14, The effects of Aspergillus mvamori (Aw), Pseudomonas fluorescens (Pf) and Bacillus subtilis (Bs) alone and in combination on the 
root-knot, wilt and leaf spot disease of tomato caused by Meloidooh►ejavanica (Mj), Ralsionia solanaceariun (Rs) and Xand►omonas campestris 
pv. vesicaloria (Xc) respectively C= Un-inoculated control 
Treatments 	Plant length 
(cm) 
Plant 	Plant dry 
fresh 	weight (g) 
Height 
(g)  
Percent 	
Total 	Wilt/ 	Colonization 
increase in 	
Chlorophyll 	leaf 	by B. sublilis 
plant do 
(mglg) fresh 	spot 	(CFU/g root) 
eight o►er 	
leaves 	index 
control 
Colonization 
by P. 
fluorescens 
(CFU/g root) 
C 	86.91m 72.8ef 27.IOef - 2.614ijk 	I- 	- - 
Aw 	91.3fghi' 76.6c 28.13cde 3.80 2.716f hi 	- 	- 
Pf 	92.5ef 77.6c 29.07c 7.27 12.748efgh - 	- 3.7X10 
C Bs 	91.lefghi 76.9c 28.64cd 5.68 2.698 hi - 	1.9x l0 - 
Aw+Pf 	96.2bcd 81.4ab 30.96ab 14.24 2.916ab - 	- 3.1 X 10 
Aw+Bs 	95.6cd 80.6b 30.50b 12.55 2.842bcde - 1.6x10 
Pf+Bs 	98.Oabc 82.7ab 31.21ab 15.17 2.875bcd - 1.7X10 3.5x10 
Aw+Pf+Bs 	99.2a 83.5a 31.97a 17.97 3.01Oa 	- 	1.6x10 3.2X10 
C 	78.2o 58.7n 21.59 - 2.131 	3 	- 
Aw 	86.4m 66.5k1 24.44klmn 13.20 2.335o 	1 	- 
Pf 	91.4fghij 70.4gh 25.78ghi 19.41 2.526kl 2 	- 3.4X10 
Rs 	Bs 	90.Sfghij 69.8hi 25.66 hi' 18.85 2.4701mn 2 	1.6x10 - 
Aw+Pf 	94.4de 72.8ef 26.76fg 23.95 2.890bc 1 - 2.9x10 
A►►+Bs 	93.6def 72.0fg 26.48fgh 22.65 2.776defe 1 L4xI0 
Pf+Bs 	96.2bcd 74.2de 27.2Sef 26.22 2.828bcde I L4l65 3.2x10 
FAw+Pf+Bs 	98.7ab 15.9cd 21.90de 29.23 2.90Sabc I 1.3x10 3.0x10 
c 730) s47o 19,34r 2M7 - 
Aw 7?.7n 5. In 26,7. 729 2.378o - 
P' 79.9no 66.1m 21 i2pg 11.27 	2.10klm 3. 5x IQ 
Bs 
M3 	Aw+Pf 
Aw+ys 
Nf+Bs 
Aw1Pf+Bs 
7R.7n 
88,6jklm 
87 11n 
9U,2ghijk 
59.4n 21 12q 	412 	2.4601an 
2U4mn 	23.27 	2.690 hi 
214Uno 	"099 	2.765f 
24!261mn 	25A4 	2.840hcda 
15x10 
66,1 - 3.0x10: 
6551 
67.9ijk 
I.1xlfr 
I.5x10 
I.4RIU 
3..1k1o' 
2.9xI05 93.5def 7O.6h 25.26ilkl 	3Q61 2.89Ubc 
C 	81.8n 61.7m 21.630 	- 2.087 3 - 
Aw 	867Im 	65.11 23.82mn 	7.26 2.416mno 2 - 
Pf 	88.9hiik.m 	66.9kl 	'24.6Ojklri 8.71 2.i1Okl 2 3.510 
Us 	873kIm 	65.71 	24.211mn 6.98 24951m 2 3x10' 
Xc 
Aw+Pf 	89.4h Ul 	672ikl 	2&74ijk1m 932 2.645hiij I 2.8x10' 
Aw+Bs 	i 88,8'rklm 	66541 	245Dklmn &26 2690 1,2xIQ - 
Pf-Bs 9o5glu 	61.9ijk 24.98i'kl 10.38 2.i&¢fg I I3'IU 1410 
Aw Pf Rs 91.8e Ii 	69. hij 25.49hijk I 2,64 2.8IQcd~f I a~ID 3 QIO 
'Values in a column followed by the same letter are not significantly different al P <U05, lukey's  tas[, 
Ms 	AI.. 
Treatments 
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N 
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Fig 13- Effect of A. awamori, P. fluorescens and B. subtilis on plant dry 
weight and total chlorophyll (mg/g) fresh leaves of tomato plants inoculated 
with single pathogens under pot conditions. 
(Table 15, Fig. 14). Combined inoculation of P. fluorescens plus B. subtilis to plants 
inoculated with all the three pathogens caused maximum increase in plant dry weight 
as by A. awamori plus P. fluorescens or B. subtilis plus A. awamori or when all the 
three biocontrol agents were inoculated together ('Cable 15, Fig. 14). 
5.A Effect on plant dry weight 
When plants without pathogens inoculated with A. awamori. P. fluorescens 
and B. subtilis separately, there were 3.80, 7.27 and 5.68 % increase in plant dry 
weight (Table 14). However, combined inoculation of either of two caused 12.55 to 
17.97 % increase in plant dry weight over control (Table 14). 
Simultaneous inoculation of R. solanacearum with A. awomori, P. fli orescens 
and B. subtilis resulted in 13.20 to 19.41 % increase in plant dry weight over control 
(Table 14). Combined inoculation of A. awamori plus P. fluorescens plus B. subtilis 
to plants inoculated with R. so1ancearuni caused highest (29.23 %) and A. awqnori 
plus B. subtilis resulted in lowest (22.65%) increase in plant dry weight (Table 14). 
In plants inoculated with Al javanica and X campestrls pv. vesicatoria 
separately, inoculation of P. fluorescens caused 11.27 % increase in plant dry weight 
of the former and 8.71 % increase in plant dry weight of the later over control 
(fable 14). 
Inoculation of B. subtilis and A. nivamori to plants with M javanica resulted 
in 9.72 % and 7.29 % increase in plant dry weight respectively. Inoculation of B. 
sublilis to plants with X. campeslris pv. vesicaloria caused 6.98 % increase while A. 
awamori caused 5.26 % increase in plant dry weight over control (Table 14). 
Simultaneous inoculation of all the three biocontrol agents (A. awamori plus P. 
fluorescens plus B. subtilis) showed maximum (30.61 %) increase in plant dry weight. 
However, A. awatnori plus R. subtilis caused minimum (20.99 %) increase in plant 
dry weight over control when plants inoculated with Al. javanica (Table 14). 
When plants inoculated with X carnpcstri.s pv. vesicatoria, combined 
inoculation of A. awamori plus B. subtilis caused 8.26 % increase in plant dry weight 
while A. awamori plus P.,/luoreseen.s and P. fluorescens plus B. subtilis resulted 9.32 
% increase in plant dry weight of the former and 10.38 % increase in plant dry weight 
of the later (Table 14). Inoculation of A. awamori plus P. fluorescens plus R. subtilis 
caused maximum (12.64 %) increase in plant dry weight over control (Table 14). 
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'fable 15. The effects of i1.spergillus cnvamori (An), Psendo;noncrc f uoresce►►s (PO and Bacillus suheilis (Bs) alone and in combination on the wilt and leaf 
spot di~case complex of tomato caused by vle1Didogynejavrmica (~1j). Ralsfonia solanacearum (Rs) and ,Paithornonas campestris pv. vesicatoria (Xc) 
C= Un-inoculated control 
Treatments 	Plant 
length 
(cm) 
Plant 
fresh 
weight (g) 
Plant dry 
weight (g) 
Percent 	 Total 	Will/ 	Colonization 	Colonization 
plantincreascin Chlorophyll 	leaf 	by B. subtilis 	by P. 
plant ht. 	(mglg) fresh 	spot 	(CFUIg root) 	fluorescens vreight 	leaves 	index (CFCIg root) 
over 
control 
C 
C 86.9d 72.8e 27.10d - 2.614c - - 
88.6cd 73.8de 27.36d 0.96 2.680c - 	- 
Pf 90.7bc 75.6cd 28.05cd 3.51 2.706bc - - 3.7i0 
Bs 89.Scd 74.5de 27.59d 1.81 2.695c - 1.9X 10' - 
Aw-Pf 95.4a 79.Sab 29.46ab 8.71 2.726bc - - 3.1 x 10 
Aw-Bs 93.1 b 77.6bc 28.78bc 6.20 2.815b 	- 	1.6x 10 
Pf+Bs 96.5a 80.1ab 29.69ab 9.56 2.948a - 	1.7x10' 3.5X10' 
Aw+Pf Bs 87.8cd 81.Sa 30.18a 11.37 2.996a - 	1.6x 10 3.2x l0' 
C 64.1q 43.5r 14.84g I.552t 5 - 
Aw 68.lop 46.8pq 	l5.98op 7.68 1.145 	r 4 - 
Pf 70.8mno 48.1 no l6.42innop 10.65 I.8901mn 	4 - 3.4x 105 
Rs+Mj Bs 69.2no 47.3pq 16.l5nop 8.83 l.Sl0nopq 4 1.4x 10' - 
Aw-Pf 76.8hijk 51.2fgh jk 17.82~h jk 20.08 2.170hi 3 	- 2.9x 10 
Aw•Bs 14.6'kl S0.7jklmn 17.14'klmn 15.50 2.065ij 3 I.2x10 - 
Pf+Bs 78.4fgh 53.61gh1 18.29fghi 23.25 2.196gh 3 1.1X10 3.Ox 10' 
Aw*Pf+Bs 79.6ef h 54.2 g 18.S0efgh 24.66 2.23iefgh 	3 1.0x 105 3.1 x 10 
C 68.lop 45.3 	r 15.41 - I.625st 	5 - - 
Aw 
Mj+Xc 	Pf 
Bs 
71.91mn 47.4opg l6.l8nop 4.59 1.860mno 4 - - 
74.6jkl 49.2lmnop 18.80ef, 21.53 l.970jklm 4 - 3.3x 10 
73.7klm 48.4ninop 	16.i2lznnop 6.79 1.92Skhnn 4 ! 	1.210' 	- 
1w+Pf 78.1f.hi 51,4hi 	17.S5hijkl 13.45 _12295ef4 	3 	- 3.0x10' 
Aw+Bs 
Pf-Bs 
77.6111 51Uijklm I74lijklm 
1728ghijk 
12,S4 
1L93 
22181g 
1.335de 
3 
3 
1.1X10 
12x1 3-1xIt' i9.ef''h 1 32.I ghijk 
Aw+Pf*Bs saYeFg 	532Ih.ij 18.21fuhi 	17.11 1;1284 2 1.110 3.3 	to 
C 71.8lmBo 	41,1om 16.85klmno 1741 r 5 - 
Xe Rs 
Aw 743 kl 	A, Ill 	oo I ~ 7Ohijk 	5,04 	1,84Pnopq 
18.09ghf 	736 	1.984'kl 
 1 
4 ff 
Bs 
769hij 	5l.2hijkl 
752ijk 	50.7jklom 
3.2x10 
1792 hi 635 	I i65mrio 4 I,OxlO' 
Awl 78.8fgh 52.6fghfk' IS.S6ef 10.15 	2.295ef 3 - 2.8%10 
AwiPs 77.Ihij 5L4hlikl 	IS.12fghi j 7,54 2,196 h 3 Llxlo - 
Pf+Bg 80,8ef 539f~h 	19,17ef 13.77 2.3?4def 
2.42iUd 
3 I.OxI0, 	3.OK10 
1.1 	iU! Aw+Pf+Bs 82,'.¢ 54.9f 
28.Sv 
19,42e 	- 15.25 
- 
2 
C 48Sv 9,16u i.2117L1  - 
Aw 
Pf 
Bs Mj+f +Rs 
Aw+Pf 
543u 32.6u II42t i36 151st 
1725 rs 
4 - 	- 
F f87St 
62tu 
34.9ta 
Thu 
1, Ilst 2140 
1699 
4 3.1x:0, 
I168t 16 ht 4 0.8x10' 
63.7 	r 319s I1.07rs 31,77 1,84Ono 3 2.6<10 
Aw+Bs 61.8rs 	36.85t l21bs 2893 	1765o 3 09x10' - 
Pf-Bs 649 r 	38.65 1332r 3 4.5U 	1.975k1:n 3 I,Ox10' 23.10 
Aw-Pf-Bs i 65.9 	393; 	13.62r 	3727 	2.016jk 3 I,OxD5 2.810 
'Values in a column followed by the same lever are not significantly different at P 5 U,B5, fuke f's test 
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Fig 14- Effect of A. trrcnrori, P. ,fluorescens and B. sublilis on plant dry 
weight and total chlorophyll (mg/g) fresh leaves of tomato plants inoculated 
with combinations of pathogens under pot conditions. 
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Fig I5- Effect of A. ni' n iori, P..Jluurescens• and B. sublilis on nematode 
population and no. of galls per root system of tomato plants inoculated with 
combinations of pathogens under pot conditions. 
Inoculation of A. awamori. P. fluorescens and B. subtilis to plants inoculated 
with R. solcmacearum plus Al. javvanica caused 7.68 to 10.65 % increase in plant dry 
weight over control (Table 15). Plants inoculated with R. solanacearrun plus M. 
jaranica, inoculation of A. awamori plus P. fluorescens plus B. suhtilis caused 
maximum (24.66 %) and A. awamori plus B. subtilis caused minimum (15.50 1/>) 
increase in plant dry weight over control (Table 15). 
P. _fluorescens caused highest (21.53 %) increase in plant dry weight over 
control followed by B. .sublilis (6.79 %) and A. awamori (4.59 %) in plants inoculated 
with A' campestris pv. vesicatoria plus M. javanica (Table 15). Plants with X. 
campeso-is pv. vesicatoria plus Al ja 'anica, inoculation of A. awamori plus P. 
fluorescens caused 13.45 %. A. awamori plus B. subtilis caused 12.54 % and P. 
fluorescens plus B. suhtilis caused 14.93 % increase in plant dry weight over control. 
Simultaneous inoculation of A. cni'cunori plus P. fluorescens  plus B. subtilis resulted 
in highest (17.71%) increase in plant dry weight over control (Table 15). 
Inoculation of B. subtilis, A. awamori and P. fluorescens  to plants inoculated 
with .V. campestris pv. ►'esiccrtoria plus R. solanacearum caused 5.04, 7.36 and 6.35 % 
increase in plant dry weight over control (Table 15). In plants inoculated with X. 
campestris pv. vesicatoria plus R. solanaceartun, combined inoculation of A. 
awamori plus B. subtilis showed minimum (7.54 %) increase in plant dry weight 
while A. awamori plus P. fluorescens plus B. subtilis caused maximum (15.25 %) 
increase in plant dry weight over control (Table 15). 
Inoculation of B. subtilis and A. awamori to plants inoculated with all the three 
pathogen resulted in 16.59 and 13.76 % increase in plant dry weight respectively over 
control. The percent increase in plant dry weight was maximum (21.40 %) when plant 
was inoculated with P. fluorescens (Table 15). In plants inoculated with all the three 
pathogens, combination of A. a►ramori plus P. fluorescens plus B. subtilis caused 
highest (37.77 %) increase in plant dry weight followed by P. jluogescens plus 13. 
sublilis (34.50 %), A. a►ramori plus P. fluorescens (31.77 %), and A. awamori plus B. 
stibtilic (28.93 %). 
S.B Effect on chlorophyll content 
Inoculation of plants without pathogens with B. subtilis, P. fluorescens and A. 
atit•anzori alone and inoculation of these biocontrol agents in combination caused a 
significant increase in chlorophyll contents over un-inoculated control (Table 14. Fig. 
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13). Maximum increase in chlorophyll contents was observed when plants without 
pathogens were inoculated with all the three hiocontrol agents. Inoculation of R. 
soIanaceart,H i M. javanica ! X ccnhe.ciris pv. vesicatoria caused a significant 
reduction in chlorophyll contents over un-inoculated controls. Inoculation of plants 
with R. solanacearurn / a1. favanica - A canipestris pv. vesicaloria and application of 
B. subtilis. P. jluorescens and A. au'un1lri alone or these biocontrol agents in 
combination caused a significant increase in chlorophyll contents over plants 
inoculated with R. salanaceacunn ` .I1. /aFunica X. campestris pv. vesicatoria alone. 
Maximum increase in chlorophyll content of R. solanacearum or X cumpestris pv. 
vesicatoria ! .t1 javanica inoculated plants was caused when all the three biocontrol 
agents were inoculated together (Table 14, Fig. 13). Similarly, inoculation of plants 
with R. solanucearum plus M. jaranica or X campestris pv. vesicatoria plus M. 
javanica or R. so1unacearum plus X. canipestris pv. vesicatoria or all the three 
pathogens together caused a significant reduction in chlorophyll contents over on-
inoculated control (Table 15, Fig. 14). IIowever, inoculation of plants with R. 
soIanaegarumn plus .tt javanica or X. campestris pv. vesicatoria plus ILL javanica or 
R. solnnceurtun plus A campestris pv. vesicatoria or all the three pathogens together 
and use of B. subtilis. P..fuorescen and .1. cnrumori alone or these biocontrol agents 
in combination caused a significant increase in chlorophyll contents. Maximum 
increase in chlorophyll content of plants with R. .o1anacxcrnan plus .1f javanica or 
campestris pv. vesicatoria plus, t1. javanica i R. solanaceurtnn plus A canipestris pv. 
vesicatoria or when all the three pathogens were inoculated together S4 was caused when 
all the three biocontrol agents were used together (Table 15. Fig. 14). 
5.0 Effect on nematode multiplication and galling 
The nematode multiplication and galling was high when M. jaranica was 
inoculated alone (Fig. 15).  R. solanacearum and A campestris pv. res•icatoria 
adversely affected nematode multiplication and galling, the effect of R. soIuiucxcriWn 
was eereater than that of X. cain pcslris p'. vesicaloria. Reduction in nematode 
multiplication and galling was even higher when both pathogenic bacteria were 
inoculated with nematodes. P. fluorescens caused higher reduction in galling and 
nematode multiplication followed by B. subtilis and A. awamnri. Comhined 
inoculation of all the three biocontrol agents together was best in reducing galling and 
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nematode multiplication while use of R. subtilis with A. awaznori was least effective 
among combined treatments (Fig. 15). 
5.D Bacterial wilt and leaf spot indices 
Wilt index was 3 when R. solanacearum was inoculated alone (Table 14). The 
wilt indices were reduced to 2 when R. solanacearum inoculated plants were treated 
with B. subtilis / P. fluorescens or A. awarnori. Inoculation of biocontrol agents in 
combination to R. solonucearvm inoculated plants reduced wilt indices to 1. Leaf spot 
index was also 3 when X campestris pv. vesicatoria was inoculated alone (Table 14). 
The spot indices were reduced to 2 when X canipesiris pv. vesicatoria inoculated 
plants were treated with R. subtilis I P. fluorescens or A. awamori. Inoculation of 
biocontrol agents in combination to X campestris pv. vesicatoria inoculated plants 
reduced spot indices to 1. Inoculation of R. solanaceurum plus Al. javanica resulted in 
wilt index 5 (Table 15). Inoculation of B. suhtilis / P. fluorescens or A. awamori to 
plants with R. solanacearum plus Al javanica reduced wilt indices to 4 while 
inoculation of these biocontrol agents in combination reduced indices to 3. 
Inoculation of X campestris pv. vesicatoria plus Al javanica resulted in leaf spot 
index to 5. Inoculation of B. subtilis / P. fuorescens or A. awwnori to plants with X 
campestris pv. vesicatoria plus Al javanica reduced spot indices to 4 while 
inoculation of these biocontrol agents in combination reduced indices to 3 except use 
of all the three biocontrol agents together which reduced index to 2. Combined 
inoculation of R. solanacearum plus X campestris pv. vesicatoria resulted in indices 
to 5. Inoculation of B. subtifis / P. fluorescens or A. awamori to plants with R. 
solanacearum plus X campestris pv. vesicatoria reduced indices to 4 while combined 
use of these biocontrol agents reduced indices 2-3. Combined inoculation of all the 
three pathogens resulted in disease indices to 5. Inoculation of B. subrilis / P. 
fluorescens or A. awaorori to plants with these pathogens reduced indices to 4. 
Combined use of these biocontrol agents to plant inoculated with all the three 
pathogens reduced indices to 3 (Table 15). 
SE Effect on root colonization 
Root colonization by B. subzilis was high when inoculated alone (Tables 14 
and 15) but colonization by B. subtilis was reduced in the presence of pathogens. 
When B. cubit/is was inoculated with P. fluorescens, root colonization by both 
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rhizobacteria remain unaffected while root colonization by these rhizobacteria was 
reduced when inoculated with A. awamori. Similarly, root colonization by P. 
jluorescens was also high when inoculated alone (Tables 14 and 15). 
Experiment 6. Effects of Chitosan alone and in combination with composted 
organic manures on the wilt-leaf spot disease complex of tomato. 
Inoculation of plants without pathogens with chitosan or with either of the 
organic manure alone or use of chitosan in combination with organic manure 
significantly increased plant dry weight over un-inoculated control (Table 16). 
Combined inoculation of chitosan with poultry manure to plants without pathogens 
caused a greater increase in plant dry weight than use of chitosan with any other 
organic manure (Table 16). 
Inoculation of R. solanacearurn / M javanica or X campestris pv. vesicatoria 
caused a significant reduction in plant dry weight over the un-inoculated control 
(Table 16. Fig. 16). Inoculation of chitosan or either of the organic manure caused a 
significant increase in plant dry weight of pathogen inoculated plants. Inoculation of 
chitosan caused almost a similar increase in plant dry weight of R. solanaeeanuo 
inoculated plants as caused by horse dung. Poultry manure caused a higher increase in 
plant dry weight followed by horse dung and cow dung. Goat dung caused a similar 
increase in plant dry weight of R. solanacearum inoculated plants as caused by 
poultry manure. Combined inoculation of chitosan with poultry manure to plants with 
R. solanacearum caused a greater increase in plant dry weight than caused by any 
other combined treatments (Table 16, Fig. 16). 
Inoculation of chitosan caused a greater increase in plant dry weight of PYL 
javanica inoculated plants than caused by cow dung (Table 16, Fig. 16). Use of 
poultry manures to Al javanica inoculated plants caused a greater increase in plant 
dry weight than caused by chitosan. However, use of horse dung ! goat dung to M. 
javanica inoculated plants caused a similar increase in plant dry weight as caused by 
chitosan. Combined inoculation of chitosan plus poultry manure caused a greater 
increase in plant dry weight than caused by any other combined treatment (Table 16, 
Fig. 16). Use of chitosan or either of the organic manure caused a significant increase 
in plant dry weight of X carnpestris pv. vesicatoria inoculated plants (Table 16, 
Fig. 16). 
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Table 16. The effects of Chitosan (Ch), Cow dung (Cd), Horse dung (Hd), Goat dung (Gd), and 
Poultry manure (Pm) alone and in combination on the root-knot, wilt and leaf spot disease of tomato 
caused by dleloidogvne javanica (Mj), Ratstonia so/anacearum (Rs) and Xanthumonas campestris pv. 
vesicatoria (Xc) respectively C= Un-inoculated control. 
Treatments 	Plant length 
(cm) 
j 	Plant fresh 
weight (g) 
Plant dry 
weight (g) 
Percent 
increase in 
plant dry 
weight 
over 
control 
Total 
Chlorophyll 
(mg/g) fresh 
leaves 
Wilt/ 
leaf 
spot 
index 
C 86.2rs 72.4klm 27.03i - 2.612kl - 
Ch 93.8ijk 79.7de 29.68e 9.80 2.861 cde - 
Cd 90.71mn 76.5fe 28.24gh 4.48 2.721 gh - 
Hd 92.3'kl 78.2ef 28.95f 7.10 2.795f - 
Gd 94.2hij 79.8de 29.66e 9.73 2.813ef - 
C Pin 96.7cde 81.3cd 30.41d 12.50 2.892cd 
Ch+Cd 97.6bcd 82.2bc 31.78c 17.57 2.903c - 
Ch+ Hd 98.3abc 82.7bc 32.06c 18.61 2.922bc - 
Ch+Gd 	99.4ab 83.9ab 32.65b 20.79 2.981 ab - 
Ch+Pm 	100.2a 84.8a 33.36a 23.42 2.994a - 
C 77.7v 58.4x 21.47s - 2.131r 3 
Ch 	J 92.2klm 68.5 rs 24.96no 16.26 2.492opg 2 
Cd 85.4s 64.6uv 24.39p 13.60 2.5l2op 2 
Rs lid 88.6opg 65.7tu 25.06no 16.72 2.5871m 2 
Gd 90.3mno 68.8pgr 25.721m 19.80 2.6021m 2 
Pin 92.2klm 70.4nop 26.05kl 21.33 2.62Ijk1 2 
Ch+Cd 93.5 jk 71.SImn 26.821j 24.92 2.670hijk 1 
Ch+Hd 94.6 hi 72.6jkl 27.15i 26.46 2.684hi I 
Ch+Gd 95.2efghi 73.5ijk 27.72h 29.11 2.729gh I 
Ch+Pm 96.4cdefg 74.8ghi 28.35g 32,04 2.781fg 1 
C 72.6w 54.3y 19.30t - 2.072r - 
Ch 86.5rs 65.1 uv 22.67r 17.46 2.470 - 
Cd 80.7u 61.2w 21.72s 12.54 2.5030 q - 
Mj 	Hd 83.It 63.5v 22.45r 16.32 2.524nop - 
Gd 85.2s 64.8uv 23.01r 19.22 2.541tnno - 
Pm 88.7opg 66.9st 23.65g 22.54 2.5841mn - 
Ch +Cd 89.6nop 68.5 	rs 24.79op 28.45 2.615k1 - 
Ch+Hd 90.71mn 69.6opq 25.02no 29.64 2.634ijkl - 
Ch+Gd 91.21mn 70.2nopg 25.721m 33.26 2.682hij - 
Ch+Pen 92.5'kl 71.51mn 26.38jk 36.68 2.695hi - 
C 81.9tu 61.6w 22.58r - 2.086r 3 
Ch 94.7fghi 71.61mn 26. l8kl 15.94 2.444g 1 
Cd 86.8 rs 64.9uv 25.36mn 12.31 2.520op 2 
lid 87.9pgr 67.6rs 24.27p 7.48 2.619kl 2 
Xc Gd 90.81mn 68.5 rs 26.05kl 15.37 2.683hij 2 
Pin 93.3ijk 70.8mno 27.09i 19.97 2.716h 
Ch-Cd 96.Idef h 72.8'kl 27.86gh 23.38 2.782f - 
Ch-Hd 96.6cdef 73.5i'k 28.36g 25.60 2.804ef 1 
Ch+Gd 97.2cd 74.2hij 28.981' 28.34 2.832def 
Ch-Pm 98.7abc 75.6gh 29.46ef 30.47 2.883cd 
* Values in a column followed by the same letter are not significantly different at P < 0.05, 
Tukey's test. 
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Fig 16- Effect of Chitosan. Co%% dung, Horse clunk, Goat dung and Poultry 
manure on plant dry weight and total chlorophyll (mg/g) fresh leaves of 
tomato plants inoculated with single pathogens under pot conditions. 
Inoculation of poultry manure to plants with X campestris pv. vesicaroria 
caused a greater increase in plant dry weight followed by goat dung, cow dung and 
horse dung. Use of chitosan to plants with X campestris pv. vesicatopia caused a 
similar increase in plant dry weight as caused by goat dung. Combined inoculation of 
chitosan plus poultry manure to plants with X campestris pv. cesicatoria caused a 
greater increase in plant dry weight than caused by chitosan plus cow dung or 
chitosan plus horse dung (fable 16, Fig. 16). 
Inoculation of R. .solanacearum plus Al javanica or X. campestris pv. 
vesicatoria plus Al. javanica or R. solanacearum plus X campestris pv. vesicatoria 
or all the three pathogens together caused a significant reduction in plant dry weight 
over the un-inoculated control (Table 17, Fig. 17). Inoculation of chitosan to plants 
with R. solanacearum plus M javanica caused a greater increase in plant dry weight 
than these plants were inoculated with cow dung. Inoculation of chitosan to plants 
inoculated with R. solanacearum plus Al javanica caused a similar increase in plant 
dry weight as caused by horse dung. Inoculation of poultry manure to plants 
inoculated with R. solanacearum plus Al javanica caused a greater increase in plant 
dry weight than these plants were inoculated with goat dung. Combined use of 
chitosan plus poultry manure to R. solanacearum plus Al javanica inoculated plants 
caused a greater increase in plant dry weight than any other combined treatments 
(Table 17, Fig. 17). 
Inoculation of chilosan to plant with X campestris pv. vesicatoria plus M 
javanica caused a similar increase in plant dry weight as caused by horse dung (Table 
17, Fig. 17). Inoculation of poultry manure to plants with X campesiris pv. 
vesicatoria plus M javanica caused a greater increase in plant dry weight followed by 
goat dung, horse dung and cow dung. Combined use of chilosan with poultry manure 
caused a greater increase in plant dry weight than by any other combined treatments 
(Table 17, Fig. 17). 
- 	Inoculation of chitosan to R. solanacearum plus X campestris pv. vesicatoria 
inoculated plants caused a similar increase in plant dry weight as caused by goat dung 
(Table 17, Fig. 17). Inoculation of poultry manure to R. solanacearum plus X 
campestris pv. vesicatoria inoculated plants caused a greater increase in plant growth 
followed by goat dung, horse dung and cow dung. Combined inoculation of chitosan 
plus poultry manure caused a greater increase in plant dry weight than caused by any 
other combined treatments (Table 17, Fig. 17). 
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Table 17. The effects of Chitosan (Ch), Cow dung (Cd), Horse dung (Hd). Goat dung (Gd), and 
I'oultr\ manure (Pm) alone and in combination on the wilt and leaf spot disease complex of 
tomato caused by Aleloido v!ne juvonicu (Mj). Rulstoniu so/unuceurcun (Rs) and Xunthomunas 
rumpestris pv. vesicutoriu (Xc) C= Un-inoculated control. 
treatments 	 Plant 
length 
(cm) 
Plant 	Plantdrs' 	Percent 
fresh 	weight (g) 	increase in 
%%eight (g) plant dry 
weight 
over 
control 
total 	ilt/ 
Chlorophyll 	leaf 
(mg/g) fresh 	spot 
leaves 	index 
C 86.6hijk 72.2g 27.03h - 2.612fg - 
Ch 93.8d 79.8de 29.68c 9.80 2.861 cd - 
Cd 90.7ef 76.5f 28.24g 4.48 2.721e - 
C lid 92.3de 78.2ef 28.95f 7.10 2.795d - 
Gd 
Pm 
94.2d 79.8de 29.66e 9.73 2.813d 
96.7c 81.3cd 30.41d 12.50 2.892c - 
ChYCd 97.6bc 82.2bc 31.78c 17.57 2.903c 
Ch+Hd 98.3abc 82.7bc 32.06bc 	18.61 2.922bc - 
Ch+Gd 99.4ab 83.9ab 32.65b 20.79 2.981 ab - 
Ch+Pm 100 2a 84.8a 33.36a 	23.42 2.994a - 
C 63.7w 43.2~z 14.77CD 	1 	- l.548EF 5 
Ch 77.7qrs 52.2uvw 18. l4vw 22.82 1.871 wxy 4 
Cd 75.6s 50.9w I6.65y 12.73 1.947uv 4 
Rs+Mtj Hd 77.2grs 52.4uvw 17.75w 20.18 I.996tu 4 
Gd 78.3qr 53.8tu I8.82tu 27.42 2.029t 4 
Pin 80.6op 54.5st 20.15gr 36.43 2.116s 4 
Ch+Cd 81.2o 56.4pqr 21.62op 46.38 2.208gr 3 
Ch+Hd 83.4mn 57.1 opq 22.47mn 52.13 2.260nopq 3 
Ch' *Gd 84 21tu 58.4mno 23.061m 56.13 2.296mnop 3 
(h *Pm 85 2jklm 59.2lmn 23.75k 60.80 2.3381m 2 
C 68.1 u 45.Oy 15.44AB - 1.628CD 5 
Xc • \tj 
Ch 81.8no 53.8tu 18.96tu 22.80 1.990tu 4 
Cd 76.5rs 51.8vw 17.62wx 14.12 1.987tu 4 
Hd 78.6pq 53.2tuv 18.75u 	21.44 2.1 16s 4 
Gd 80.7o 55.7grs 19.60rs 	26.94 2.228pgr 4 
Pin 83.6mn 57.9nop 21.40p 38.60 2.315mno 4 
Ch -Cd 84.21m 58.2nop 	22.80m 47.67 2.409k1 3 
Ch'-Hd 85.Ijkltn 59.5klmn 23.65k1 53.17 2.464jk 3 
Ch+Gd 86.2ijkl 60.2jklm 24.12jk 56.22 2.497ij 2 
Ch+Pm 88.5gh 61.7ij 24.72i 60.10 2.539h1 2 
C 71.7t 47.2x 16.80y - 1.738A13 5 
Ch 84.8klm 56.6opqr 20.41q 21.49 2.172rs 4 
Cd 81.8no 55.Orst 18.62uu 10.83 2.248opq 4 
Hd 83.6mn 56.4pqr 19.38st 15.36 2.292mnop 4 
Rs \e Gd 84.71m 57.3opq 20.02gr 19.17 2.328nm 4 
Pin 86.9hij 59.6k1m 21.35p 27.08 2.412k 4 
Chf Cd 873hi 605ijki 22 12n0 	31.67 2.506ij 
Ch+Hd 88.Sgh 61.31ik 22.76m 35.4R 2.562ghi 3 
Ch+Gd 896fg 62.2hi 23.90k 	42.26 2.594fgh 
Ch f Pm 91.2ef 63.7h 
2S.9G 
24.65ij 
9.18G 
46.73 2.636f 2 
C 48.2z - 1.203G 5 
Ch 61.6x 37.4DE 15.12BC 64.71 1.5181F 4 
Cd 58.7y 35.2F 12.65F 37.80 1.614DE 4 
Rs-Mj+Xc Hd 60.5xy 36.IEF 13.36E 	45.53 1.692BC 4 
61.2x 37.2DE 14.35D 56.32 1.70613 4 
63.8w 384CD t5.70AB 	71.02 1.784zA 4 
64,2w 39.7BC 15.88zA 	72.98 1.817yz 
t
h 
65.?vw 40.38 
41.1A13 
16AOyz 78.65 .862xy 
bb.Suv 17.09x 86.17 1.894vwx 3 
68.7u 42.61 17.75w 93.36 1.942uvw 3 
-Values in a column followed by the same letter are not significantly different at P <0.05, Tukey's test. 
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plant dr 	eight and total chlorophyll (mgig) fresh leaves of tomato plants inoculated 
with combination of pathogens under pot conditions. 
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Fig 18- Effect of Chitosan. Cow dung. Horse dung, Goat dung and Poultr\ 
manure on nematode population and no. of galls per root system of tomato 
plants inoculated with combinations of pathogens under pot condition. 
Inoculation of chitosan to plants inoculated with all the three pathogens caused 
a similar increase in plant dry weight as caused by poultry manure (Ilable 17, Fig. 17). 
Inoculation of poultry manure to plants with all the three pathogens caused a greater 
increase in plant dry weight followed by goat dung, horse dung and cow dung. 
Combined inoculation of chitosan with poultry manure to plants inoculated with all 
the three pathogens caused a greater increase in plant dry weight than caused by any 
other combined treatment (Table 17, Fig. 17). 
6.A Effect on plant dry weight 
Inoculation of chitosan, cow dung, horse dung, goat dung and poultry manure 
separately to plants without pathogens, there were 9.80. 4.48, 7.10, 9.73 and 12.50 % 
increase in plant dry weight respectively (Table 16). However, inoculation of these in 
combination of two caused 17.57 to 23.42 % increase in plant dry weight over control 
(Table 16). 
Simultaneous inoculation of R. solonacearum with chitosan, cow dung, horse 
dung, goat dung and poultry manure resulted in 13.60 to 21.33 Ye increase in plant dry 
weight over control (Fable 16). Combined inoculation of chitosan plus poultry 
manure to plants with R. .cotanaceartum caused highest (32.04 %) and chitosan plus 
cow dung resulted in lowest (24.92 %) increase in plant dry weight (Table 16). 
Inoculation of poultry manure to plants with Al javanica caused highest 
(22.54 %) increase in plant dry weight followed by goat dung (19.22 %), chitosan 
(17.46 %) and horse dung (16.32 %). However, inoculation of cow dung resulted in 
lowest (12.54 %) increase in plant dry weight over control (Table 16). Simultaneous 
inoculation of chitosan plus poultry manure caused maximum (36.68 %) increase in 
plant dry weight followed by chitosan plus goat dung (33.26 %), chitosan plus horse 
dung (29.64 %) and chitosan plus cow dung (28.45 %) (Table 16). 
In plants inoculated with X campestris pv. vesicatoria, use of chitosan, cow 
dune horse dung, goat dung and poultry manure caused 15.94, 12.31, 7.48, 15.37 and 
19.97 % increase in plant dry weight respectively (Table 16). Combined inoculation 
of chitosan plus poultry manure caused 30.47 % increase in plant dry weight over 
control followed by chitosan plus goat dung (28.34 %), chitosan plus horse dung 
(25.6C %) and chitosan plus cow dung (23.38 %) (Table 16). 
In plants inoculated with R. solanacearum plus M javanica application of 
poultry manure caused maximum (36.43 %) increase in plant dry weight followed by 
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goat dung (27.42 %), cbitosan (22.82 %), horse dung (20.18 %). However cow dung 
showed minimum (12.73 %) increase in plant dry weight over control (fable 17). 
Combined inoculation of composted organic manure with chitosan to plants with R. 
solanacearum plus M. javanica, application of chitosan plus poultry manure caused 
highest (60.80%) increase in plant dry weight followed by chitosan plus goat dung 
(56.13 %), chitosan plus horse dung (52.13 %) and chitosan plus cowdung (46.38%) 
(Table 17). 
Inoculation of chitosan, horse dung, goat dung and poultry manure to plants 
inoculated with X. campestris pv. vesiculoria plus M. javanica caused 21.44 to 38.60 
% increase in plant dry weight while cow dung resulted in lowest (14.12 %) increase 
in plant dry weight over control (Table 17). Combined use of chitosan plus poultry 
manure caused maximum (60.10 %) and chitosan plus cow dung caused minimum 
(47.67 %) increase in plant dry weight over control in plants inoculated with X 
campestris pv. vesicaloria plus M. javanica (Table 17). 
In plants simultaneously inoculated with R solanacearum plus X campestris 
pv. vesicatoria. chitosan showed 21.49 % increase in plant dry weight. However, cow 
dung, horse dung, goat dung and poultry manure caused 10.83, 15.36, 19.17 and 
27.08 % increase in plant dry weight over control. Combined inoculation of chitosan 
plus poultry manure caused maximum (46.73 %) and chitosan plus cow dung caused 
minimum (31.67 %) increase in plant dry weight over control (Table 17). 
Inoculation of chitosan to plants inoculated with all the three pathogens 
resulted in 64.71 % increase in plant dry weight followed by goat dung (56.32 %), 
horse dung (45.53 %) and cow dung (37.80 %). The percent increase in plant dry 
weight was maximum (71.02 %) when plant was inoculated with poultry manure 
(Table 17). In plants inoculated with all the three pathogens, combination of chitosan 
plus poultry manure caused highest (93.36 %) increase in plant dry weight followed 
by chitosan plus goat dung (86.17 %). chitosan plus horse dung (78.65 %) and 
chitosan plus cowdung (72.98 %) (Table 17). 
6.B Effect on chlorophyll content  
Inoculation of plants without pathogens with chitosan or with either of the 
organic manure or use of chitosan in combination with organic manure caused a 
significant increase in chlorophyll, contents over un-inoculated control (Table 16, 
Fig.16). Maximum increase in chlorophyll contents was observed when plants without 
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pathogens were inoculated with chitosan plus poultry manure or use of' chitosan with 
goat dung. Inoculation of R. solanuceartan / .lf. javanica '' X. CcUflpeStri.' pv. 
vesicatoria caused a significant reduction in chlorophyll contents over un-inoculated 
controls. Inoculation of plants with R. solunaccarum / Al. javanica / X. campestris pv. 
vesicatoria and application of chitosan or either of the organic manure or use of 
chitosan in combination with organic manure caused significant increase in 
chlorophyll contents over plants inoculated with single pathogen. Maximum increase 
in chlorophyll content of R. solanacearum or Al. javanica ' X campestris pv. 
resicaloriu inoculated plants was caused when chitosan was used with poultry manure 
or goat dung (Table 16. Fig. 16). Similarly, inoculation of plants with two pathogens 
or all the three pathogens together caused a significant reduction in chlorophyll 
contents over un-inoculated control (Table 17, Fig. 17). However, inoculation of 
plants with two pathogens or all the three pathogens together and use of' chitosan or 
either of the organic manure caused a significant increase in chlorophyll contents. 
Maximum increase in chlorophyll content in plants with two pathogens or with all the 
three pathogens together was caused by chitosan plus poultry manure or chitosan plus 
goat dung (Table 17, Fig. 17). 
6.0 Effect on nematode multiplication and galling 
I he nematode multiplication and galling was high when Al. javanica was 
inoculated alone (Fig. 18). R. solunacearum and X. campestris pv. vesicatoria 
adversely affected nematode multiplication and galling. Poultry manure caused higher 
reduction in galling and nematode multiplication followed by goat dung, horse dung, 
cow dung, and chitosan. Combined inoculation of chitosan with poultry manure was 
best in reducing galling and nematode multiplication while use of chitosan with cow 
dung was least effective among combined treatments (Fig. 18). 
6.1) Bacterial wilt and leaf spot indices 
Wilt and leaf' spot indices were 3 when R. solanucearum / X campestris pv. 
vesicatoria was inoculated respectively ("fable 16). The indices were reduced to 1-2 
when R. so/anaecernn or X. cwnp estris pv. vesicaloriu inoculated plants were treated 
with chitosan or with any organic manure. Use of chitosan plus organic manure to R. 
sslanaceurtmn ` X campestris pv. vesicatoria inoculated plants reduced indices to 1. 
Inoculation of two pathogens or all the three pathogens together resulted in wilt index! 
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leaf spot indices to 5 ('fable 17). Inoculation of chitosan / organic manure to plants 
with two or three pathogens together reduced indices to 4 while inoculation of 
chitosan plus any organic manure to these plants reduced indices to 2-3 (Table 17). 
Experiment 7. Effects of Pseudomotra.s pulida alone and in combination with 
composted plant straws on the wilt-leaf spot disease complex of tomato. 
Inoculation of plants without pathogens with P_ puiida or with either of the 
plant straw alone or use of P. put/do in combination with plant straw caused a 
significant increase in plant dry weight over un-inoculated control (Table 18). 
Combined inoculation of P. putida with P. 4phoides to plants without pathogens 
caused a greater increase in plant dry weight than use of P, putida with straw of Z. 
mays or O. saliva (Table 18). 
Inoculation of R. solanacearum / M fervanica or X, campestris pv. vesicatoria 
caused a significant reduction in plant dry weight over the un-inoculated control 
(Table 18, Fig. 19). inoculation of P. putida or either of the plant straw caused a 
significant increase in plant dry weight of pathogen inoculated plants. Inoculation of 
P. putida caused almost a similar increase in plant dry weight of R. solanacearurn 
inoculated plants as caused by P. t phoides straw. P_ typhoides straw caused a higher 
increase in plant dry weight followed by straw of S. vulgare, 1. aeslivum, Z. mays and 
O. sativa. Combined inoculation of P. putida with P. typhoides to plants with R. 
solanacearum caused a greater increase in plant dry weight than caused by P. putida 
with 71 aesaivum IL mays / O. saliva (Table 18, Fig. 19). 
Inoculation of P. putida caused a greater increase in plant dry weight of M 
juvanica inoculated plants than caused by T aesthwma / Z. mays or 0. saliva straw 
(Table 18, Fig. 19). Use of P. yphoides straw to M javaiica inoculated plants caused 
a similar increase in plant dry weight as caused by P. putida. Combined inoculation of 
P. putida plus P. typhoides straw caused a greater increase in plant dry weight than 
caused by combined treatment of P. putida with T. aestivurn / Z. trays or O. saliva 
straw (Table 18, Fig. 19). 
Use of? putida or either of the composted straw caused a significant increase 
in plant dry weight of X caxvpestris pv. vesicatoria inoculated plants (fable 18, Fig. 
19). Inoculation of P. typhoides straw to plants with X. campestris pv. vesicatoria 
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Table 18. The effects of Pseudomonas putida (Pp). and composted plant straws of Pennisetum 
ttphvides (Pt). Sorghum vulgare (Sv). Tritirum aestivum (Ta), Zea mays (Zm) and Oryza saliva (Os) 
alone and in combination on the root-knot, wilt and leaf spot disease of tomato caused by ;tfe/oidofgvnt' 
javanica (Mj). Ralstonia solunucearunl (Rs) and .Vanthomonas cwnpestris pv. vesicatorio (Xc) 
respectively C== Un-inoculated control. 
Treatments 	Plant length 
(cm) 
Plant 	Plant dr} 	Percent 	Total 
fresh 	weight (g) 	increase 	Chlorophyll 
%seight in plant 	(mg/g) fresh 
(g) 	I 	 dry leaves 
weight 
o%er 
control 
Wilt/ 	 J 	Colony 
leaf 	forming 
spot 	units 
index 	(CFU/ g 
root) 
C 87.2nopqrs 73.Ighi 27.43hi - 	2.608gh - 0.8x 102 
Pp 93.6bcdef 78.4cde 29.64cde 8.06 	2.886cd - 2.1 * 10' 
Pt 93.2cdef 78.2cde 29.48cde 7.47 	2.872d - 3.2x 102 
Sv 92.7cdefg 77.9cde 	29.12def 6.16 	2.794e - 3.0102 
C Ta 91.6fghi 77.3def 	28.87ef 5.25 	2.742f - 2.7x 10' 
Zm 90.Sghijkl 76.8ef 	28.62fg 4.34 	2.707E - 2.7 e 102  
Os 89.2jklnin 76.1 f 28.05gh 2.26 	2.698f - 2.4x102 
Pp-Pt 96.2a 80.9a 31.42a 14.55 	2. 962a - 3.9X l0' 
Pp-Sv 	95.6ab 80 tab 31.05ab 13.20 	2.950ab - 3.7 x 10' 
Pp-*Ta 	94.8abc 79.6abc 30.75ab 12.10 	2.928abc - 3.6w 105 
Pp+ Znt 	94.2abcd 79. l be 30.26bc 10.32 	2.912bcd - 3.4 x 105 
Pp-Os 	93.9bcde 78.7bcd 29.92cd 9.08 	2.894cd - 
C 	77.9y 58.3A 21.36x - 	2.128u 3 0.6x10 
Pp 	88.41mnopq 66.Sopq 24.76nop 15.92 	2.426jklm 2 1.8X 10' 
Pt 	87.2nopqrs 65.9opqr 	24.46nopq 14.51 	2.394klmno 2 	3.0x102 
Rs 	
Sv 	86.5pgrst 64.8rs 	24.03pgr 12.50 	2.382ntnop 2 	2.7.10' 
Ta 85.8rstu 63.6stu 23.72qrs 11.05 	2.341pq 2 2.6x 102 
Zm 84.6tuvw 62.9tuv 23.28rst 8.99 	2.294r 2 2.4x 102 
Os 83.4vwx 62.4uvw 22.96stu 7.49 	2.266rs 2 2.2x 102 
Pp-Pt 91.8efghi 70.6jkl 26.82ij 25.56 	2.610g I 3.6105 
Pp-Sv 90.9ghijk 69.81m 26.41 jk 23.64 	2.574gh 1 3.4x 105 
Pp-rTa 	90.2hijkl 	69.11mn 25.96k1 21.54 	2.512i 1 3.2x105 
Pp-Zm 	89.6ijklm 	68.4mno 25.62klm 19.94 	2.496i I 	3.0x10 
Pp-Os 88.9klmno 67.6nop 24.93mno 16.71 	2.440jk 1 2.7x 105 
C 73.3z 54.213 19.28v - 	2.069v - 0.5x102 
Pp 86.Sopgrst 61.5vwx 22.74tu 17.95 	2.424k1m - 1.9. 10' 
Pt 	86.3qrst 61.3vwx 22.63tuv 17.38 	2.406klmno - 	3.1 r 10' 
Mj 
Sv 	85.4stuv 60.8wxy 22.27uvw 15.51 	2.3921mno - 	2.7.10' 
Ta 	84.7tuvw 60.1xyz 21.92vwx 13.69 	2.381mnop - 	2.8x10' 
Zm 	83.9uv%k x 59.4yzA 21.64wx 12.24 	2.294r - 2.5x 102 
Os 82.8wx 58.6zA 21.18x 9.85 	2.212t - 2.1 x 102 
Pp+Pt 90.4hijkl 64.9rs 24.28opq 25.93 	2.608gh - 3.4x 105 
Pp vS 	89.Gijkhn 64.2rst 23.86gr 23.76 	2.562h - 3.2X 105 
Pp Ta 88.8klmno 63.6stu 23.26rst 20.64 2.5121 - 3.3 x 10` 
Pp+Zm 87.8mnopgr 62.8tuv 22.92stu 18.88 2.496i - 2.9x10 
Pp+Os 87.1 nopgrs 61.9uvw 22.75tu 18.00 2.471 ij - 2.8x10 
C 81.8x 61.7vwx 22.63tuv - 2.083uv 3 0.6x 10'` 
Pp 90.5ghijkl 69.41m 25.74klm 13.74 2.376nop 2 1.8x10' 
Pt 90.1hijkl 69.11mn 25.72klm 13.65 2.362op 2 3.0x102 
Xc Sv 89.3jklmn 68.2mno 25.261mn 11.62 2.31Ogr 2 2.8x 10
2  
Ta 88.7klmnop 67.6nop 24.73nop 9.28 2.224st 2 2.9x 10'' 
Zm 87.2nopqrs 66.8opq 24. 19opq 6.89 2.051v 2 2.6x102  
Os 86.7opgrst 65.4qr 23.85gr 5.39 2.19St 2 2.2X102  
Pp+Pt 95.5ab 74.3g 27.90gh 23.29 2.496i 1 3.3xI0` 
Pp Sv 94.1 abcd 73.5gh 27.37hi 20.95 2.436jkl 1 3.0-105 
Pp+Ta 93.5bcdef 72.2hij 26.84ij 18.60 2.418klmn 1 3.I x I0` 
Pp+Zm 92.2defgh 71.6ijk 26.28jk 16.13 2.394klmno 1 2.8x10 
Pp+Os 91.4fghij 70.3kl 25.92kl 14.54 2.385mnop I 2.9<10 
* Values in a column followed by the same letter are not significantly different at P <_ 0.05, Tukey's test. 
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Fig 19- Eflcct of P. pwirlu, P. typhoides, S. vulgare, 7. aeslivunr, Z. mays and U. 
Saliva on plant dry weight and total chlorophyll (mg/g) fresh leaves of tomato 
plants inoculated with single pathogens under pot conditions. 
caused a greater increase in plant dry weight followed by S. vulgare, T. aestivum, Z. 
mays and 0. saliva. Use of P. putida to plants with X campestris pv. vesicatoria 
caused a similar increase in plant dry weight as caused by P. typhoides / S. vulgare. 
Combined inoculation of ?. putida plus P. typhoides to plants with X campestris pv. 
vesicatoria caused a greater increase in plant dry weight than caused by P. putida plus 
T. aestivum or P. putida plus Z mays / 0. saliva (Table 18, Fig. 19). 
Inoculation of R. solanacearum plus M javanica or X campestris pv. 
vesicawria plus M. javanica or R. solanacearum plus X. campestris pv. vesicatoria 
or all the three pathogens together caused a significant reduction in plant dry weight 
over the un-inoculated control (Table 19, Fig. 20). Inoculation of P. putida to plants 
inoculated with R. solanacearurn plus M. javanica caused a greater increase in plant 
dry weight than these plants were inoculated with T aestivum / Z mays or 0. sativa. 
Inoculation of P. putida to plants inoculated with R. solanacearum plus 1V javanica 
caused a similar increase in plant dry weight as caused by P. typhoides or S vu/gare. 
Combined use of P. putida plus P. lyphoides straw to R. solanacearum plus Al 
javanica inoculated plants caused a greater increase in plant dry weight than P. 
putida was used with T aeslivum / Z. mays or 0. saliva (Table 19, Fig. 20). 
Inoculation of P. putida to plant with X campestris pv. vesicatoria plus NI 
javanica caused a similar increase in plant dry weight as caused by P. typhoides / S. 
vulgare (Table 19, Fig. 20). Inoculation of P. tvphoides to plants with X campestris 
pv. vesicatorro plus Al javanica caused a greater increase in plant dry weight 
followed by S vulgare, T. aestivum, 7 mays and 0. saliva. Combined use of P. 
putida with P. typhoides caused a greater increase in plant dry weight than caused by 
P. putida plus T aestivum / Z. mays or 0. saliva (Table 19, Fig. 20). 
Inoculation of P. putida to plants with R. solanacearum plus X campestris pv. 
vesicatoria caused a similar increase in plant dry weight as caused by P. typholdes / 
S. vulgare (Table 19, Fig. 20). Inoculation of P. typhoides to plants with R. 
solanacearum plus X campestris pv. vesicatoria caused a greater increase in plant 
growth followed by S vulgare, T aestivum, Z. mays and 0. saliva. Combined 
inoculation of P. putida plus P. typhoides caused a greater increase in plant dry 
weight than caused by P. putida plus T aestivum I Z. mays or 0. saliva (fable 19, 
Fig. 20).  
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Table 19. The effects of Pseudomonas luutulu (Pp) and composted plant straws of Penniselum 
t /)!oiq's (Pt ►. Sorghum vulgure (Sv), Triticum aestivwn (Ta), Zea muvs (Zm) and Orvru saliva 
(Os) alone and in combination on the root-knot. wilt and Jeaf spot disease of tomato caused by 
Mel)icIo onc' juvunicu (Mj). Ralsionia so/Qiiuceuruut (Rs) and Xunthuntonus campestris pv. 
resicuturic (Xc) C= 	Un-inoculated control. 
P 'Treatments 	Plant 	Plant fresh 	Plant dry 	Percent 	Total 	Wilt/ ! Colonv 
length 	weight (g) 	weight (g) 	increase Chlorophyll 	leaf 	forming 
(cm) in plant 	(mg/g) fresh 	spot 	units 
dry leaves index (CFU/g 
weight 	 root) 
control 
C 87.2hi 73.1 h 27.431 - 2.608g - 0.8x 10- 
Pp 93.6bcde 78.4cdef 29.64cde 8.06 2.886d - 2.l x 104 
Pt 93.2cde 78.2cdef 29.48de1 7.47 2.872d - 3.2x 102 
Sv 92.7de 77.9def 29.12efa 6.16 2.794e - 3.0x102 
Ta 91.6ef 77.3efg 28.87fg~ 5.25 2.742e - 2.7x 102 
C 
Rs+Mj 
Xc-MI 
Zm 90.5fg 76.8fg 28.62gh 4.34 2.7.07ef - 2.7x102 
Os 89.2gb 76.1g 28.05hi 2.26 2..698f - 2.4x 10' 
Pp+Pt 96.2a 80.9a 31.42a 14.55 2. 962a - 3.9x 105 
Pp+Sv 95.6ab 80.2ab 3I.05a 13.20 2.950ab - 3.7x 105 
Pp+'i'a 94.8abc 79.6abc 30.75ab 12.10 2.928abc - 3.6x 105 
Pp + Zr 94.2abcd 79.1 bcd 30.26bc 10.32 2.912bcd - 3.4x10  
Pp-Os 93.9bcd 78.7bcde 29.92cd 9.08 2.894cd - 3.1 x 105 
C 63.8DE 	43.2D 14.76EFG - 1.546F 5 0.5-10' 
Pp 76.3wxv 	51.2vwxy I &28vwx 23.85 1.907grs 3 I.8x I04 
Pt 75.9xv 50.8wxy 18.17wx 23.10 1.892rst 3 2.9w 10' 
Sv 74.8wz 49.7yz 17.83xv 20.80 1.841uvw 3 2.7x10' 
Ta 73.6zA 48.6zA 17 26yzA 16.94 I.804wwwxy 4 2.3x10 
Zm 72.6AB 47.5AB 16.78AB 13.69 1.787xy 4 2.2x 10-' 
Os 71.4B 46.913 I6. I3BC 9.28 l .712AB 4 2.0.10' 
Pp+Pt 81.4nopq 56.8klm 20.831m 41.12 2.218ij 2 3.5x 10` 
Pp-*Sv 80.1grstu 55.71mnop 20.12mnop 36.31 2.182jk 2 3.3x 10'` 
Pp-Ta 79.6qrstuv 54.5opgr 19.82nopq 34.28 2.1171 2 3.2x 105 
Pp-Zr 78.8stuv 53.2rstu 19.06rstu 29.13 	J0l2m 2 3.0x 105 
Pp-Os 77.8vwx 52.6stuv 18.72tuvw 26.83 1.962nop 2 2.7x 105 
C 68.4C 45.00 15.36DE - I.618E. 5 0610 
Pp 80.4pqrst 53.2rstu 18.95rstuv 23.37 1.884st 4 2.0< 10' 
Pt 79.1stuv 53.2rstu 18.90stuv 23.05 1.852tuv 4 3.0x 10' 
Sv 78 2uvw 52.8stuv 18.42uvw•x 19.92 I.803wxy 4 2.9x 102 
Ta 77.6vww•x 51.7uvwx 18.05wwwx 17.51 I.769yz 4 2.4 X 102 
Zm 76. l xy 50.6xv 17.74xvz 15.49 1.714AB 4 2.3 x 10- 
Os 74.9yz 49.8yz 17.08zA 11.20 1.695BC 4 	! 2.3x10' 
Pp-Pt 85.6ijk 58.4jk 20.831m 35.61 2.164k 2 	i 	3.6x I0' 
Pp-Sv 84.8jkl 57.2k! 20.241mno 31.77 2.014m 2 	3.5x I0' 
Pp+Ta 83.7khn 56.1Imno 19.92nop 29.69 1.978mno 2 	3.4x10 
Pp+Zm 82.6mno 55.4innopq 19.62opgr 27.73 1.926pqr 2 	3.1 X I0' 
Pp' Os 81.4nopq 54.2pqrs 19.15grst 24.67 1.890rst 2 	2.8x I0S 
C 71.3B 47.4AB I6.72AB - 1.737zA 5 0.7x1& 
Pp 83.1 Imn 55.71mnop 19.93nop 19.20 2.017m 4 2.2x10 
Pt 82.4mnop 55.1 nopq 19.87nop 18.84 2.008m 4 3.1 x 102 
Sv 81.2nopqr 54.7nopqr 19.52pgrs 16.75 1.992mn 4 2.8x 10' 
Rs+Xc Ta 80.6opqrs 53.9qrst 19.03rstu 13.82 1.942opq 4 2.5x10' 
Zm 79.3rstuv 53.2rstu 18.72tuvw 11.96 1.864tu 4 2.4<10 
Os 78.4tuv 52.4tuvw 18 28vwx 9.33 1.8I3vwx 4 2.4x I0' 
Pp+Pt 86.2ij 60.1 i 22.15j 32.48 2.314n 2 3.7x 10' 
Pp+Sv 85.6ijk 59.2ij 21.62jk 29.31 2.286n 2 3.6x 10` 
Pp+Ta 84.4jklm 58.4jk 20.95kl 25.30 2.229i 2 3.3x 10' 
Pp+Zm 83.6klm 57.3kl 20.421mn 22.13 2.186jk 2 3.0x 105 
Pp+Os 82.7mn 56.21mn 20.04nop 19.86 2.1201 2 2.7Y 105 
C 48.2L 28.5N 9.121 - 1.1941 5 0.2x 10' 
Pp 60.4GH 35.71J 15.77CD 72.92 1.660CD 4 1.4x 10' 
Pt 59.6H1 35.41JK 15.68CD 71.93 1.642D 4 2.2x I0` 
Rs+Mj-Xc Sv 58.2IJ 34.3JKL 15.16DEF 66.23 1.529FG 4 2.1 x 10`' 
Ta 57.5J 33.8KL 14.62FG 60.31 I.496GH 4 2.0.10' 
Zrn 56.5JK 33.2LM 14.05GH 54.06 1.474H 4 1.8x 10` 
Os 55.2K 32.1 M 13.7211 50.44 1.46111 4 1.6x IO2 
Pp+Pt 64.9D 40.2E 17.82xy 95.39 I.916grs 3 3.3x I0' 
Pp+Sv 63.8DE 39.8EF 17 24yzA 89.04 1.865tu 3 3.0x10 
Pp+Ta 62.6EF 38.4FG 16.73AB 83.44 1.794xy 3 2.8x10 
Pp+Zm 61.8EFG 37.6GH 16.12BC 76.75 1.729zAB 3 2.6x 10` 
Pp+Os 60.8FGH 36.21-11 15.82CD 73.46 I.697ABC 3 2.2x 105 
*Values in a column followed by the same letter are not significantly different at P < 0.05, Tukey's test. 
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Fig 20- Effect of P. puticler, P. ttiphoides. S. vingare. 7' aestivtnn, Z. mays and 0. 
\mire on plant dry weight and total chlorophyll (mg!g) fresh leaves of tomato 
plants inoculated with combinations of pathogens under pot condition. 
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Fig 21- Effect of P. putida, P. Itiphoides, S. vulgarre. T. aestivurrr, Zea mays and U. 
saliva on nematode population and no. of galls per root system of tomato plants 
inoculated with combinations of pathogens under pot condition. 
Inoculation of P. putida to plants inoculated with all the three pathogens 
caused a similar increase in plant dry weight as caused by P. tvphoides (Table 19, Fig. 
20). Inoculation of P. typhoides to plants with all the three pathogens caused a greater 
increase in plant dry weight followed by S vulgare, T aestiv un, 7 mays and O. 
saliva. Combined inoculation of P. putida with P. typhoides to plants with all the 
three pathogens caused a greater increase in plant dry weight than caused by P. putida 
plus T aestivum %Z. mays or O. saliva (Table 19, Fig. 20). 
7.A Effect on plant dry weight 
When plants without pathogens inoculated with P. pudda, P. typhoides, S. 
vulgare, T aestivum. Z mays and D. sativa separately, there were 8.06. 7.47, 6.16, 
5.25, 4.34 and 2.26 % increase in plant dry weight respectively (Table 18). However 
combined inoculation of P. putida with composted plant straws caused 9.08 to 1455 
Vu increase in plant dry weight over control (Table 18). 
Simultaneous inoculation of R. solanacearum with P. putida, P. typhoides. S. 
vulgare, T. aeslivum, Z. mays and 0. sativa resulted in 7.49 to 15.92 "/% increase in 
plant dry weight over control (Table 18). Combined inoculation of P. putida plus P. 
typhoides to plants with R. solanacearum caused highest (25.56 %) and P. putida plus 
0. sativa resulted in lowest (16.71 %) increase in plant dry weight over control 
(Table 18). 
Inoculation of P. pulida to plants inoculated with M javanica caused highest 
(17.95 %) increase in plant dry weight followed by P. typhoides ( 17.38 %), S. vulgare 
(15.51 %), T aestivum (13.69 %) and Zea mays (12.24 %). However, inoculation of 
0. sativa resulted in lowest (9.85 %) increase in plant dry weight over control (Table 
18). Simultaneous inoculation of P. panda plus P. typhoides showed maximum (25.93 
%) while P. putida plus 0. sativa resulted in minimum (18.00 %) increase in plant dry 
weight over control (Table 18). 
In plants inoculated with X. campestris pv. vesicatoria, P. panda caused 13.74 
% increase in plant dry weight over plants with X campestris pv. vesicatoria alone . 
Combined inoculation of P. putida plus P. typhoidee to plants inoculated with X. 
carnpegtris pv, vesicatoria caused highest (23 29 %) increase in plant dry weight over 
control followed by P. putida plus S. vulgare (20.95 %), P. putida plus T aestivum 
(18.60 %), P. putida plus Z. mays (16.13 %). However, P. putida plus O. sativa 
caused lowest (14.54%) increase in plant dry weight (Table 18). 
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In plants inoculated with R. solanacear'tan plus Al. javanica, inoculation of P_ 
petida caused maximum (23.85 %) increase in plant dry weight followed by P. 
typhoides (23.10 %), S. vulgare (20.80 %), TT aestivum (16.94 %), Z. mays (13.69 %) 
and 0. saliva (9.28 %). Combined inoculation of P putida plus P. typhoides caused 
highest (41.12 %) while P. putida plus O. saliva caused lowest (26.83 %) increase in 
plant dry weight over control in plants inoculated with R. solanacearum plus M 
javanica (Table 19). 
Inoculation of P. putida, P. typhoides, S. vu/gar, T. aestivum, and Z. mays to 
plants inoculated with X eampestris pv. vesicatoria plus M javanica caused 15.49 to 
23.37 % increase in plant dry weight while O. saliva showed lowest (11.20 %) 
increase in plant dry weight over control. Combined use of P. putida plus O. saliva 
caused minimum (24.67 %) and P. putida plus P. typhoides caused maximum (35.61 
%) increase in plant dry weight over control in plants inoculated with X campesiris 
pv. vencaloria plus M. javanica (Table 19). 
In plants simultaneously inoculated with R. solanacearum plus X cainpeslris 
pv. vesicatoria. P. putida showed 19.20 % increase in plant dry weight (Table 19). 
However. P. typhoides, S. vulgare, T aeslivum, Z. mays, and O. saliva caused 18.84, 
16.75, 13.82, 11.96 and 9.33% increase in plant dry weight over control. Combined 
inoculation oil'. putida plus P. typhoides caused maximum (32.48 %) and P. putida 
plus O. saliva caused minimum (19.86 %) increase in plant dry weight over control 
(Table t9). 
Inoculation of P. typhoides to plants inoculated with all the three pathogen 
resulted in 71.93 % increase in plant dry weight followed by S. vulgare (66.23 %), T 
aeslivum (60.31 %), Z, mays (54.06%) and O. saliva (30.44 %). The percent increase 
in plant dry weight was maximum (72.92 %) when plants with all three pathogens 
were inoculated with P. putida (Table 19). In plants inoculated with all the three 
pathogens, combination of P. putida plus P. typhoides caused highest (95.39 %) 
increase in plant dry weight followed by P. putida plus S. vulgare (89.04 %), P. 
putida plus T aeslivum (83.44 %), P. putida plus Z mays (76.75 %) and P. putida 
plus O. sativa (73.46 %) (Table 19). 
7.11 Effect on chlorophyll contents 
Inoculation of plants without pathogens with P. putida or with either of the 
composted plant straw or use of P. putida in combination with composted plant straw 
FYI& 
caused a significant increase in chlorophyll contents over un-inoculated control (Table 
18, Fig. 19). Maximum increase in chlorophyll contents was observed when plants 
without pathogens were inoculated with P. putida plus P. 1vphoides or use of P. 
putida with S. •ulgare or T. aestivurn. Inoculation of R. solanacearutn / a1. javanica i 
X campeslris pv. vesicatoria caused a significant reduction in chlorophyll contents 
over un-inoculated controls. Inoculation of plants with R. solanacearum I M. javanica 
.0 cunthe.ctris pv. vesicatoria and application of P. putida or either of the composted 
straw or use of P. putida in combination with composted plant straw caused 
significant increase in chlorophyll contents over plants inoculated with single 
pathogen. Maximum increase in chlorophyll content of R. solanuceurum or .%1. 
javanica I .l" ca npestris pv. vesicatoria inoculated plants was caused when P. putida 
was used with P. typhoides or S. rulgcn•e (Table 18, Fig. 19). Similarly, inoculation of 
plants with two pathogens or all the three pathogens together caused a significant 
reduction in chlorophyll contents over un-inoculated control (Table 19, Fig. 20). 
However, inoculation of plants with Iwo pathogens or all the three pathogens together 
and use of P. putida or either of the composted plant straw caused a significant 
increase in chlorophyll contents. Maximum increase in chlorophyll content plants 
\%ith two pathogens or with all the three pathogens was caused by 1'. putida plus P. 
ttphoides• or P. htuiclu plus S. vu/gore (Table 19, Fig. 20). 
7.0 Effect on nematode multiplication and galling 
The nematode multiplication and galling was high when M. javanica was 
inoculated alone (Fig. 21). R. solanaceucurn and X ccnnpestris pv. vesicatoria 
adversely affected nematode multiplication and galling. P. tiphoides caused higher 
reduction in galling and nematode multiplication followed by S. cu/gore. T. ueStivumn. 
Z. mays and 0. saliva. Combined inoculation of P. putida with P. typhoides was best 
in reducing galling and nematode multiplication while use of P. panda with O. sutiva 
was least effective among combined treatments (Fig. 21). 
7.1) Bacterial wilt and leaf spot indices 
Wilt and leaf spot indices were 3 when R. solumscccrtaH / X cumpesnrls pv. 
vesicatoria was inoculated respectively (Table 18). The indices were reduced to 2 
when R. solanacearum or X eermhexlri.s pv. vesicatoria inoculated plants were treated 
with P. puticicr or with any plant straw. Use of P. putida plus plant strawy to R. 
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solanacearum ' X campestris pv. vesicutoria inoculated plants reduced indices to 1. 
Inoculation of two pathogens or all the three pathogens together resulted in wilt index 
/ leaf spot indices to 5 (Table 19). Inoculation of P. putida / plant straw to plants with 
two or three pathogens together reduced indices to 3-4 while inoculation of P. putida 
plus any plant straw together to these plants reduced indices to 2-3 (Table 19). 
7.E Effect on root colonization 
Root colonization caused by P. putida was high when inoculated alone (Tables 
18 and 19). In the presence of pathogens, root colonization by P. putida was reduced. 
Root colonization by P. pulida, was increased when inoculated with composted plant 
straw. Colonization by P. putida was high when inoculated with P. typhoides 
followed by use of P. putida with S. vulgare / T. aestivum / Z. mays or O. sativa 
(Tables 18 and 19). 
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Chapter 5 
Discussion 
DISCUSSION 
Survey of Aligarh district revealed that 91.4 % tomato fields were found to he 
infected with root-knot nematode A-7eloidogryne spp. and bacteria Ralsionla 
.solanacearum and Xanthomonas campestris pv, vesicatoria. About 32.8 % tomato 
plants were concomitantly infected with all three pathogens. Moreover, 26 % plants 
were found concomitantly infected with Meloidogyne spp. and R. so(anacearum 
causing a bacterial wilt disease complex, while 9.4 % plants were infected with 
Lleloidofryne spp. plus X. campestris pv. vesicatoria causing a bacterial spot disease 
complex. Only 2.8 % plants were found to be infected with R. solaneearurW along 
with X campestris pv. vesicatoria. Among Meloidogyae spp.. Al javanicu was found 
as the most dominant species with 49.50 % frequency of occurrence followed by M 
incognita (44.53 %) and M arenaria (5.97 %). The dominance of M javaniea on 
tomato in Aligarh district has already been reported (Khan et al., 1984). Plants 
infected with these three pathogens were very poor in growth, showing galling and 
bacterial wilt and spot disease symptoms. Chlorosis and nutrient deficiency symptoms 
were also visible on their aerial parts. The synergistic interaction between these three 
pathogens cause severe damage to this important crop and is a major constraint in its 
successful cultivation. Therefore, attempts were made to isolate AM fungi and other 
phosphate solubilizing microorganisms from these soils for the management of 
bacterial wilt and spot disease complex of tomato.  
Spore population in soil and percent colonization of tomato roots by these AM 
fungi were also assessed in the localities surveyed. Most of the plants from the fields 
were found mycorrhizal. Five species of AM fungi belonging to 3 genera were 
encountered in the survey with 66.2 Ye frequency of occurrence. Glomus intraradices 
was predominant species with 32.0 % frequency of occurrence followed by G. 
fasciculatum (20.4 % frequency). The remaining 13.8 % frequency of occurrence was 
shared by Gigaspnra sp., Glomus sp. and Scutellospora sp. Akhtar (2007) also found 
Glomus as a predominant species in the survey of chickpea fields in Aligarh district. 
AM fungi are found to occur on the roots of the most of food, horticultural crops and 
tropical trees (Bagyaraj, 1992). 
Seven isolates of Bacillus and Pseudomonas were isolated from the pathogen 
suppressive soils of tomato fields. These isolates were tested for their effect on 
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hatching and penetration of M. javanica. Root colonization and antibacterial activity 
of these isolates were also assessed. P. fluorescens, P. putida and Bacillus subtilis had 
maximum inhibitory effect on hatching and penetration of A4 javanica, caused greater 
colonization of tomato roots and also showed antibacterial activity. Isolates having 
aggressive root colonization and inhibitory effect on hatching and penetration of 
nematodes are known to suppress diseases (Siddiqui et al., 2007). P. fluorescens 
followed by P. putida also caused greater IAA production, HCN production and 
increase in seedling growth. Bacillus subtilis has not shown IICN production but 
caused greater phosphate solubilization followed by P. fluorescens and P. putida. 
Therefore, one species of AM fungi (Glomus intraradices) and 3 species of bacteria 
collected from tomato fields (Pseudomonas fluorescens, P. putida and Bacillus 
suhtilis) and 2 fungi obtained from culture collections (Aspergillus awamori and A. 
niger) were selected for the management of wilt and leaf spot disease complex of 
tomato under pot condition. 
Pathogenicity test was conducted using different inoculum levels of all three 
tested pathogens (-Meloidogyne javanica, R. solanacearum and X campestris pv. 
vesicatoria) to determine the threshold inoculum of each pathogen. The effect of 
different inoculum levels of Meloidob'ne spp. on tomato were earlier studied by 
several workers (Ogunfowora, 1977; Nassar and Mustafa. 1981; Stephan, 1983; Das 
and Sukul, 1984; Chindo and Khan. 1988: Daiber, 1990; Wonang and Akueshi, 1990; 
Hasluni et al., 1994; For uim et al., 1997; Lopez-Perez et al., 2006; EI-Sherif et a1., 
2007; Olabiyi, 2008) but their findings have been at variance. 
Das and Sukul (1984) found 1000 larvae / pot of M. incognita as damaging 
threshold level on tomato. Wonang and Akueshi (1990) reported 2000 eggs of Al. 
incognita / pot as damaging threshold level on tomato. Similarly, 10.6 % yield loss of 
tomato at 1000-2000 larvae / kg soil of Al. incognita race-I was reported by Chindo 
and Khan (1988). Safiuddin et al., (2012) recorded 1000 J-, / kg soil of M. incognita 
race-2 as threshold level. Khan et al., (2004) studied pathogenic effect of Al. javanica 
on bitter gourd (Momordica charantio) and found 2000 J2 / kg soil as damaging 
threshold level. My finding is in conformity with those of Wonang and Akueshi 
(1990) and Khan etal.. (2004). The differences observed in damaging threshold levels 
by different workers can be attributed to the differences in experimental conditions, 
the cultivars used or the species and races of the nematode involved. 
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There was increase in the number of galls and final nematode population with 
the increase of inoculum levels as earlier reported by Stephan (1983); Kaul and Sethi 
(1982): Mani and Sethi (1984) on tomato. maize and chickpea respectively. Nematode 
population was found density dependent as also reported earlier (Chapman. 1959: 
Seinhorst, 1960; Oostenbrink, 1966; Dha« an and Sethi, 1976: Gupta and Yaday. 
1979: Dhruj and Vaishnay. 1981; Salem and Eissa, 1981: Nlishra and Gaur. 1981: 
Thakar and Yaday. 1985). The reduction of nematode reproduction rate with 
increasing nematode inoculurn density has been reported for infections of several 
crops (Di Vito et al.. 1986, 2004). The maximum multiplication at low inoculum level 
might have been due to less competition for food and space than at high inoculum 
level. 
Increasing inoculum of R. .solanacearum and X. cantpesiris pv. vesicatoria 
caused increased bacterial wilt and bacterial spot indices and the resultant decrease in 
plant growth parameters. On the basis of' my findings, it has therefore, been concluded 
that the damaging threshold levels of ,t1 javanica, R. solanacearum and X. campestris 
pv. vesicatoricr were respectively 2000 second stage juveniles of' M. jcn'anica and 10 
ml culture of R. solanucearum / X. campestris pv. vesicatoriu. 
In another experiment, results showed that inoculation of test pathogens in 
combinations caused greater damage to plant growth parameters than caused by 
individual inoculation. Various combinations of variable inoculurn of test pathogens 
caused decrease in plant growth parameters. Reduction in plant growth was directly 
proportional to the increase in inoculum of test pathogens. On the basis of my 
findings, the effect of interaction of test pathogens on plant growth was synergistic. 
Synergistic effects of nematode and bacterial interactions have been reported by other 
also (Sitaramaiah and Sinha, 1984a, 1984b: Vrain and Copeman. 1987; Swain etal.. 
1947: Chindo et al.. 1991; Pathak et al., 1999; Stansbury eat al.. 2001; Rubio-Cahetas 
cat al.. 2001. Partridge. 2008: Mallesh et al., 2009). Inoculation of nematodes with 
plant pathogenic bacteria increased disease severity by pre-disposing plants to 
pathogenic bacteria. \Wilt- inducing bacteria mainly depend on wounds as an infection 
court (Goodman et al., 1967) and these Wounds are provided by nematodes feeding on 
roots (Sitaramaiah and Sinha, 1984a, 1984b). Similarly, inoculation of nematodes 
I 
	
	 with X eaujwn•is pv. vesicutoria caused less damage to tomato growth than caused 
by wilt inducing bacteria. This is possible because individually X. campestris pv. 
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vesicatoria is less pathogenic to tomato than R. solanacearum. Moreover, inoculation 
of both pathogenic bacteria together caused less damage to tomato growth than either 
of these bacteria was inoculated with nematodes, Nematodes aggravated bacterial 
disease by wounding the roots and allow bacteria to enter the plant because bacteria 
are less adapted for penetrating the host's epidermis (Pitcher, 1965). Moreover, 
inoculations of both bacteria together also had inhibitory effect on each other and 
were unable to aggravate damage. Similarly. when nematode was inoculated with 
both X. campestris pv. vesicawria and R. solanacearurn, root-knot nematode induced 
physiological and i or biochemical changes in hosts, Modifications in the substrate 
due to nematode infestation provide an advantage to both bacterial pathogens. 
Creation of an infection court is one way in which nematode modifies a host to 
enhance infection by additional pathogens. Changes in biochemistry of the host are 
probably the most important factors favoring disease complexes involving nematodes 
(Slack, 1963). 
My results also showed that R. solanacearum and X campestris pv. 
vesicatoria adversely affected multiplication of W. javanica. Adverse effect of 
bacteria on nematode multiplication as observed in the present findings has also been 
observed by others (Lucas el al., 1955; Johnson and Powell, 1969). The contents of 
giant cells degenerated following bacterial invasion, leaving virtually empty cells 
resulting into the death of root-knot nematodes. Similar to my findings, Swain el al., 
(1987) observed inhibitory effect of R. solanacearum on M incognita. Inoculation of 
ALL javanica alone produces more galls and egg-masses compared to its association 
with R. solanacearurn. It may be due to the reason that establishment of the bacteria 
induces certain changes in root system which are not favorable for nematodes 
(Bhagawati etal., 1996; Hazarika, 2003; Hussain and Bora, 2009). 
Interaction of root-knot nematode AL favanica with R. solanacearum and X 
campestris pv. vesicaloria on tomato causes a disease complex under field conditions. 
Inoculation of these pathogens alone caused a significant reduction in plant growth 
over control. Root-knot nematode Al, javanica have evolved strategies to induce 
feeding cell formation in many plants and in tomato also, probably by manipulating 
fundamental elements of plant cell development (Caillaud ei al., 2008) and caused 
significant yield loss on tomato (Reddy, 1985). Moreover, X campesiris pv. 
vesicatoria can severely devitalize plant by defoliation and it reduces yield and 
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quality of harvested fruit. Similarly. R. solanacearum had typical symptoms on the 
inoculated seedlings and by 4 weeks all plants show severe symptoms. Inoculations of 
these pathogens in combinations caused greater damage to tomato than that caused by 
individual inoculations but the effects of pathogens on the plant metabolism were not 
studied. Interactions between these pathogens may have both direct and indirect 
effects on disease severity. The direct effect includes the physical interactions of 
pathogens in the rhizosphere and also occupancy of same infection site inside the root. 
The direct interactions of pathogens inside host plant at same infection site generally 
had antagonistic effect on pathogen multiplication. On the other hand, indirect effects 
of interactions via plant response such as breaking of disease resistance and 
modification of host substrate had synergistic effect on disease severity. Plant 
parasitic nematodes cause physical damage that can allow secondary infection by 
other pathogens (Pitcher, 1963, 1965; Sitaramaiah and Pathak, 1993). Endoparasitic 
nematodes, such as Meloidogvne spp., wound roots and allow bacteria to become 
established (Stewatt and Schindler, 1956). 
Wounds created by nematodes apparently favor bacteria more than fungi, 
because bacteria are less adapted for penetrating the host epidermis (Pitcher, 1965). 
Disease symptoms similar to those which occur in nematode-bacteria wilt interactions 
were stimulated by substituting mechanical injury for nematode feeding (Libman et 
al., 1964; Lucas ei al., 1955). When roots of tomato plants were mechanically injured 
by needle in the laboratory test and plants were inoculated with R. solanacearmn, 
exhibited disease symptoms similar to those which occur in nematode-bacterial wilt 
interactions. Wounds created by nematodes leak nutrients allowing bacteria to 
multiply in the lesions and in the rhizosphere (Kurppa and Vrain, 1985). This was 
observed by the fact that rhizosphere soils revealed the presence of higher population 
of bacteria compared to non-rhizosphere soil. Moreover, root-knot nematode induces 
physiological and / or biochemical changes in hosts. These possible changes need 
additional study so that the interaction between the pathogens and host can be better 
understood. In this study, when inoculation with bacteria occurred prior to inoculation 
with nematodes, damage to plant growth was less than with simultaneous 
inoculations. This, in part, may be due to production of toxins by bacteria which 
adversely affected nematodes (Pitcher, 1963) or bacteria could not infect the roots 
effectively without the infection courts made by the nematodes. 
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Inoculation of bacterial pathogens with nematodes reduced nematode 
numbers. Adverse effects on nematodes may be due to these pathogens competing for 
the same host substrate. The unfavorable effect of bacteria on nematodes may be due 
to destruction of feeding sites reducing nutrition for nematodes which was observed 
on tobacco plant in Grainville wilt and root-knot nematode interaction (Lucas et al., 
1955). Bacteria induce changes in root system which are not favorable for nematodes 
therefore galling and nematode multiplication was less in the presence of R. 
solanacearum and Al campestris pv. vesicatoria. Generally, bacteria had adverse 
effect on nematode multiplication but inoculation of nematodes with plant pathogenic 
bacteria increase disease severity by predisposing plants to pathogenic bacteria. 
Chitosan exhibits a variety of antimicrobial activities. Its activity depends on 
the type of chitosan (native or modified), its degree of polymerization (oligomeric, 
polymeric), the host, the chemical and! or nutrient composition of the substrates, and 
environmental conditions (El Hadrami etal.. 2010). Chitosan is reported to inhibit the 
growth of a wide range of bacteria. It is reasonable to hypothesize that application of 
chitosan could have inhibited the growth of R. solanacearum and X campeslris pv. 
vesicatoria. Similar effect of chitosan is possible on the Meloidogyne juveniles 
because laboratory test suggests that chitosan causes mortality of Meloidogyne 
juveniles in vitro, as has been done with insects (El Hadrami etal., 2010). Application 
of chitosan induces host defense responses in both monocotyledons and dicotyledons. 
These responses include lignification (Barber el ai., 1989), ion flux variations, 
cytoplasmic acidification, membrane depolarization and protein phosphorylation 
(Felix etal., 1993, 1998; Kikuvama et al., 1997; Kuchitsu ei al., 1997), chitinase and 
glucanase activation (Roby et al., 1987; Kaku et al., 1997) phytoalexin biosynthesis 
(Ren and West, 1992; Yamada ei al., 1993) generation of reactive oxygen species 
(Kuchitsu et al., 1995) biosynthesis of jasmonic acid (Nojiri et al., 1996) and the 
expression of unique early responsive and defense-related genes (Minami etal., 1996; 
Nishizawa et al., 1999; Takai et al., 2001). In addition, chitosan was reported to 
induce callose formation (Kohie et al.. 1985; Corinth et ad.. 1989), proteinase 
inhibitors (Walker-Simmons and Ryan, 1984), and phytoalexin biosynthesis 
(Hadwiger and Beckman, 1980) in many dicot species. Biocontrol of this disease 
complex of tomato achieved by application of chitosan can be attributed to above 
mentioned reasons.  
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Glomus intraradices improve plant growth of nematode infected plants by 
reducing nematode multiplication like other AM fungi (Bagyaraj ci al.. 1979). The 
wilt and leaf spot index of R. so/anacearum and X. campestris pv, vesicuforitr 
inoculated plants was also reduced by G. intraradices in the present study. Rodker et 
al., (1998) observed a reduction in root-rot of pea caused by Aphanomyces euleiches, 
while Akkopru and Demir (2005) observed about 17 % reduction in pusarium wilt of 
tomato by inoculation of plants with G. intraradices. In the present study, we 
presumed that disease inhibition by G. intraradices might not be solely related to an 
increase in nutrient up take mainly of phosphorus. Beside the plant nutrient uptake, 
the changes in the root system, myeorrhizosphere effect and activation of plant 
defense mechanisms are responsible for disease inhibition by G. intraradices 
(Linderman, 1994; Demir and Akkopru, 2005). Moreover, treatment with Gomus sp. 
is also reported to increase phenylalanine and serine in tomato roots (Suresh, 1980) 
and these amino acids have an inhibitory effect on nematodes (Reddy, 1974). 
Pseudomonas putida solubilizes chemically fixed soil phosphorus, rock 
phosphate, mineralizes organic phosphorus to soluble form by enzyme activity (Tilak, 
1991) and increases yield of crops (Gaur, 1985). Increased phosphorus is known to 
improve plant growth of nematode infected plants by reducing their multiplication 
(Pant et al., 1983). P. putida has been used in the biocontrol of Erwinia spp. and 
Fusarium oxysporurn f. sp. cucnmerinum (Colver and Mount. 1984; Siniconi el at., 
1997). In addition, phosphorus is also useful in enhancing root growth and increasing 
disease tolerance (Hussey and Roncadori, 1982). Moreover, Pseudomonas can also 
synthesize enzymes which may modulate the plant hormone levels, limit the available 
iron by production of siderophores and can also kill the pathogen by producing 
antibiotics (Siddiqui. 2006). An induced systemic resistance by Pseudomonas is also 
considered as a mechanism for the hiocontrol of plant pathogens (Wei et al., 1996). P. 
ponder was found to significantly reduce disease severity of bacterial spot in sweet 
pepper and bacterial wilt of tomato (Tsai et al., 2004; Jagadeesh, 2000). 
Aspergillus species are common, occur mainly in soils of warmer climates, 
compost, decaying plant material and stored grains (Domsch el al., 1980). A. niger 
isolated from the rhizosphere of crop plants produced a number of secondary 
metabolites (Siddiqui et al., 2004). Moreover. A. niger inhibits egg hatching, indicate 
the involvement of mechanisms other than parasitism (Eapen ei al., 2005). This 
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species was not isolated from eggs or female nematodes, hence their effect is 
exogenous. Moreover, enzymatic disintegration of the vitelline and chitin layers of the 
nematode eggshell might have increased the permeability of the eggshell and 
enhanced mycelial penetration, leading to total disintegration of the egg contents 
(Eapcn et al., 2005). Some Aspergillus species have also been reported for their 
biocontrol potential against root-knot nematodes (Siddiqui et al., 2001). 
Chitosan and P. putida when inoculated together improved plant growth better 
and reduced nematode multiplication more than each inoculated alone, due to 
combined mechanism of action. Chitosan is known to have eliciting activities leading 
to a variety of defense responses in host plants. Based on these properties ehitosan 
strengthen host plant defense and reduce the negative impact of diseases. Combined 
application of P. putida and chitosan, resulted in greater root colonization by P. 
putida than individual application, which may be a reason for better plant growth. It is 
important that chitosan showed no adverse effect on P. putida in combined treatments 
unlike R. solanacearum andX campesfris pv. vesicatoria where it had adverse effect. 
Reduced disease intensity in combined application of chitosan with P. putida was also 
observed. The present study demonstrates that chitosan and P. putida may he used 
concomitantly without exhibiting adverse effects on each other. The present study 
also suggests that mixtures of biocontrol agents may protect better against a broader 
range of pathogens. Mixtures of microorganisms may increase the genetic diversity of 
biocontrol systems that may persist longer in the rhizosphere and utilize a wider array 
of biocontrol mechanisms (Pierson and Weller, 1994). 
Several B. subtilis strains have been successfully employed in pest and disease 
management programmes (Bail et al., 2004; Stein, 2005; Nagorska et al.. 2007; 
Ongena and Jacques, 2008; Wulff et al., 20026; Lemessa and Zeller, 2007; Ji et al., 
2008; Chen et ai., 2009e, 2009h). In this work. I selected a strain of B. sub/ills that 
demonstrated strong biocontrol activities towards a bacterial pathogen R. 
solanacearum in vit ro assay. Some investigations provided evidence that production 
of antimicrobial agents, biofilm formation and triggering of host systemic resistance 
contribute to the biocontrol activities of B. nth tills (Bail at al., 2004; Nagorska at al., 
2007; Ongena et al., 2007). To better understand the interactions between 
rhizobacteria and the tomato root surface, we estimated root colonization by B. 
subtilis and P. fluorescens and found that P.fuorescens colonized tomato roots more 
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as compared to B. sub!iIls. Study with CLSM or even phase-contrast microscopy 
suggests that tomato root surfaces are likely negatively charged (Chen et (t., 2013). 
Since it is well-known that the surface of B. subtibc cells (and many other eram-
positive bacteria) are negatively charged (Weidenmaier and Peschel, 2008) one would 
predict that the electrical repulsion between B. subtilis cells and the tomato root 
surfaces may prevent bacterial cell colonization. Therefore B. subtilis colonized 
tomato roots less compared to P. f uorescens which are gram-negative. 
Pseudo ions spp. commonly inhabits in soil and has been applied for 
biocontrol, promoting plant growth and bioremediation. 2, 4-diaectylphloroglucinol 
(DAPG)-producing strains are major groups in biocontrol microorganisms, because of 
their easy colonization, good competition and broad antimicrobial spectrum. For 
example, P. Jluorescens F113 could inhibit Envinia carotovora, which is the agent of 
soft rot of potato (Cronin et al., 1997). It has been also reported that P. fluorescens 
and 2. 4-diaecrylphloroglueinol (DAPG) that it produced could prevent Fusarium 
axysporum, Septoria 1ribei, Thielaviopsis ha.stcola, Rhizoctonia solani etc. (Bangera 
and Thomashow, 1996; Keel et al., 1992). P. jhmrescens 2P24 has strong inhibitory 
effect on R. solanacearum, F. oxysporum and R. solani (Wei ci a1., 2004). The root 
colonization and biocontrol mechanism of it have been studied (Wei and Zhang, 
2006; Yan et al., 2009; Wu at al., 2010) and it has been commercialized. 
Pseudamonas Jluorescens is also known to induce resistance against plant pathogens 
(Wei et al., 1996). 
Inoculation of A. awamori produced phenyl ethanol, phenyl acetic acid and 
phenoxy acetic acid (Nair and Burke, 1988) which may suppress Fusarium spp.. 
Sclerotium spp., Phytophthora spp. etc. (Palakshappa et al., 1989). A. awarnori 
apparently do not parasitize nematodes but enzymatic disintegration of the vitelline 
and chitin layers of the nematode eggshell may lead to total disintegration of the egg 
contents, therefore reduced galling and nematode multiplication. 
When B. subtilis and P. J!uoresccns were inoculated together improved plant 
growth better and reduced nematode multiplication more than each inoculated alone. 
Selected strain of B. .subtilis demonstrated strong biocontrol activities towards R. 
solanaceurum in in vitro. In addition, production of antimicrobial agents, and 
triggering of host systemic resistance contributed to the biocontrol activities of B. 
subtilis. Combined application of P. fuorescens and B. subtilis resulted in greater 
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biocontrol efficacy than individual application, which may be a reason for better plant 
growth. The present study demonstrates that P. fluorescens and B. subtilis may be 
used concomitantly without exhibiting adverse effects on each other. Combinations of 
these biocontrol agents may increase plant growth and combat the adverse effect of 
plant pathogens. 
Application of chitosan has broader role in disease control as discussed in 
previous paragraphs. The use of organic fertilizers results in several benefits, such as 
better soil structure. build-up of antagonistic organisms, increased supply of plant 
nutrients, and a more suitable medium for plant growth (Southey. 1978). The 
combined use of organic fertilizer with chitosan resulted in better plant growth. 'l'his 
in turn probably inhibited pathogen proliferation and consequently improved plant 
growth. Nutrient contents (NPK) were greatest in poultry manure, followed by goat 
dung. horse dung. and cow dung, and the better growth of tomato and greater 
reduction in nematode multiplication may be related to nutrient contents (Siddiqui et 
al.. 2001; Siddiqui, 2004). 
Chitosan and poultry manure when inoculated together improved plant growth 
better and reduced pathogens more than each inoculated alone due to combined 
mechanism of action. Reduced disease intensity in combined application of chitosan 
with poultry manure was observed which demonstrated that these two may be used 
concomitantly for the management of wilt-leaf spot disease complex of tomato. The 
present study also suggests that mixtures of chitosan and poultry manure may protect 
better against a broader range of pathogens. 
Pseuclomonas puticla has been used in the biocontrol of many plant diseases 
and its role in the hiocontrol of disease has been discussed in earlier paragraphs. The 
use of organic amendments also results in several benefits, as discussed earlier. The 
combined use of composted plant straw with P. puticla resulted in better plant growth. 
Pseudomonas putic/a and Pennisetum tjphoides straw when inoculated 
together improved plant growth better and reduced pathogens more than each 
inoculated alone. P. puticla colonized tomato roots better in P. t}phoides amended soil 
which resulted in better protection of plants from pathogens thereby better plant 
growth. On other hand P. ttphoicles increased supply of plant nutrients, and provide 
more suitable medium for plant growth (Southey, 1978) and inhibit pathogen 
proliferation (Siddiqui, 2004). "I'he present study also suggests that mixtures of P. 
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puticla and P. ryphoides may protect better against diseases caused by multiple 
pathogens. 
In future studies. therefore, more detailed investigations of the relationships 
and interactions between the microorganisms and the host plant are needed for 
developing biocontrol of related diseases. 
The present study also suggests that greater emphasis on the development of 
mixtures of biocontrol agents is needed, because they may better adapt to the 
environmental changes that occur throughout the growing season and protect against a 
broader range of pathogens. 
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Chapter 6 
Summary and 
Conclusions 
SUMMARY AND CONCLUSIONS 
Five hundred root and soil samples were collected from tomato fields of 
Aligarh district. These samples were examined for the presence of root-knot nematode 
Meloidogyne spp., pathogenic bacteria Ralstonia solanacearum and Xanthomonas 
campestris pv. vesicatoria. Out of these samples, root-knot nematode Meloidogyne 
spp. were found in 402 samples with 80.4 % frequency of occurrence while R. 
solanacearum and X. campestris pv. vesicatoria were isolated from 329 and 245 
samples with 65.8 % and 49.0 % frequency of occurrence respectively. Out of 402 
samples (infected with Meloidogvne spp.). in 61 samples Meloidogyne spp. was 
present alone while in 130 samples it was present concomitantly with R. 
solonacearum. However. Meloidogvne spp. was found together with X compestris 
pv. vesicatoria in 47 samples while 14 samples were found concomitantly infected 
with R. solanacearum and X campestris pv. vesicatoria. Moreover, R. solanacearwn 
and X campestris pv. vesicatoria were found alone in 21 and 20 samples respectively 
while in 164 samples all three pathogens i.e. Meloidog7me spp.. R, solanacearum and 
X, campestris pv. vesicatoria were present concomitantly, Out of total 402 samples, 
Al javanica was present in 199, U. incognita in 179 and Al arenaria in 24 samples. 
Several samples revealed mixed infection of Meloidogyne spp. 
Twenty localities of Aligarh district were surveyed and 25 samples were 
collected from each locality. R. solanaeeaznvzn was present alone in 13 localities with 
4.2 % frequency of occurrence. Similarly, X campestris pv. vesicatoria was isolated 
alone from only 13 localities with 4.0 % frequency of occurrence. Meloidogvne spp. 
was found alone in all the 20 localities with 12.2 % frequency of occurrence. 
Collected samples were also examined for the presence of AM fungi. Out of 
500 samples 331 samples showed the presence of AM fungi with 66.2 % frequency of 
occurrence. There were 5 species belonging to the 3 genera namely Glomus, 
Gigaspora and Scutellospora. Spore population of Glomus intraradices varied from 
520-630 spores / 100 g soil. Population of G. fasciculaturn was 410-615 spores / 100 g 
soil. Similarly, Gigaspora sp. was 290-425 spores / 100g. soil while Glomus sp. and 
Scutellospora sp. was 230-360 and 140-310 spores / 100 g soil respectively. Glomus 
intraradices was found with 32.0 % frequency of occurrence followed by G. 
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fasciculatun (20.4), Gigaspora sp. (8.6), Scutellospora sp. (3.2) and Glomus sp. 
(20%).  
All the five spp. of AM fungi caused a significant increase in growth of 
tomato seedling. Maximum increase in seedling growth was caused by G. 
intraradices followed by G. fasciculatu rn, Gigaspora sp., Scutellospora sp., and 
Glomus sp. The ntycorrhizal colonization of roots varied from 46.0 % - 58.0 %. The 
maximum colonization of tomato roots was caused by G. intraradices. followed by G. 
faseieulatum, Scutellospora sp., Glomus sp. and Gigaspora sp. Glomus intraradices 
was selected for the pot experiment on the basis of greater colonization of tomato root 
and maximum increase in seedling growth. 
Bacterial isolates were identified by using Bergey's Manual of Determinative 
Bacteriology (Ilort etal.. 1994). Seven isolates Pseudomonas Jiuorescen (Plugge) 
Migula, Pseudomonas putida Trevisan. Bacillus subtilis (Ehrenberg) Colin, Bacillus 
pumilus Meyer and Gottheil, Pseudomonas aeruginosa (Schroter) Migula, 
Pseudomonas alcaligenes Monias and Bacillus licheniformis Cohn were sub-cultured 
on nutrient broth and nutrient agar medium. Root colonization of tomato roots by 
Pseudomonas and Bacillus isolates were also studied. Among Pseudomonas isolates, 
P. fluorescens caused maximum colonization of tomato roots followed by P. putida, 
P. alcaligenes and P. aeruginosa. Among Bacillus isolates, B. subtilis caused 
maximum root colonization followed by R. pumihts and B. lichendfortnis. 
Effects of Pseudomonas and Bacillus isolates were studied on the hatching 
and penetration of M javanica. Among Pseudomonas isolates, P. fluorescens had 
maximum inhibitory effect on hatching and penetration of M javanica followed by P. 
putida and P. alcaligenes. Pseudomonas aeruginosa was least effective in the 
inhibition of hatching and penetration of M. javanica. Out of Bacillus isolates, 13. 
subtilis had maximum inhibitory effect followed by B. purnilus while B. lichen/forinis 
had minimum inhibitory effect on hatching and penetration of M javanica. 
Effects of Pseudornonas (P. fluorescens. P. putida. P. aeruginosa and P 
alcaligenes) and Bacillus (8. subtilis, B. pEmilus and B. 1ichemiformis) isolates were 
also studied on pathogenic bacteria R. solanaccarum and X campestris pv. 
vesicatoria. All isolates showed antibacterial activity and inhibited their growth. 
Pseudomonas fluorescens, P, putida and B. subtilis had strong inhibitory activity 
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against R. solanacearum while P. putida had strong inhibitory effect against X. 
carapestris pv. vesicatoria. 
All of Bacillus and Pseuclonionus isolates caused a significant increase in the 
growth of' tomato seedlings as compared to control. Maximum increase in seedling 
growth was caused by P. fluorescens  followed by P. putida and P. alcaligenes while 
B. subtilis and P. aeruginosa showed equal increase in seedling growth. Bacillus 
pumilus and B. lichenifbrmis also caused equal increase in seedling growth and were 
least effective in increasing seedling growth. 
All the Bacillus and Pseuclomonas isolates caused soluhilization of phosphate. 
Maximum phosphate solubilization was caused by B. subtilis followed by P. 
fluorescens, 13. pinilus. P. aeruginosa. P. putida and P. alcaligenes. Least phosphate 
solubilization was caused by B. licheniformis. All the 7 isolates also showed IAA 
production. Maximum IAA production was shown by P. fluorescens followed by P. 
putida, P. aeruginosa and P. alcaligenes. However, B. subtilis and B. licheniformis 
showed equal IAA production. Least IAA production was obtained from B. pumilus. 
Pseuclomonas isolates showed HCN production, P..tluorescens and P. putida showed 
high production of HCN while P. aeruginosa and P. alcaligenes showed moderate 
production. 
Bacillus sukitilis. P.s•eudomorua.s' . fluorescens and P. putiela were selected for the 
pot experiment on the basis of antibacterial activity and adverse effect on hatching 
and penetration of nematodes. These isolates also caused increase in seedling growth, 
phosphate solubilization. IAA and I ICN production. 
Pathogenicity tests were conducted using five different inocula each of M. 
javanicu, R..solarsccartra and X. campesiris pv. resicaloria on tomato. All three 
pathogens adversely affected plant growth. However, damaging threshold level of M.  
javanicu was 2000 second stage juveniles and that of R. solunacearuni I X. campestris 
pv. vesicatoria 10 ml inoculum (1.2 x 10 CFU / ml ) per kg soil. The rate of 
nematode multiplication was, however density dependent but root galling increased 
with the increase in nematode inoculum. 
The effects of R. solunacearum, X. canipestris pv. vesicatoria and Al. javanica 
applied in 3 different inocula and in combinations were examined on the growth and 
chlorophyll contents of tomato. Disease severity increased and chlorophyll contents 
decreased with the increasing inoculum and various combinations of variable inocula 
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of the three pathogens exerted synergistic effect on plant growth. However, increase 
in the inoculuin level of R. solanacearum and X campestris pv. vesicatoria resulted in 
progressive decrease in nematode multiplication and galling. On the other hand 
wilting and bacterial spot indices increased with the increase in combined inucula of 
R. solanacearum, X. campestris pv. vesicatoria and Al javanica. 
The effects of R. solanacearum, X campestris pv. vesicatoria, and Al. 
javanica applied alone or in combination were examined to determine how individual 
and combined inoculations and order of inoculation affected tomato growth and 
chlorophyll contents. Individual inoculation of R. solanaccarum, M javanica, and X 
campestris pv. vesicaloria caused significant reductions in plant growth and 
chlorophyll contents. Inoculation of M. javanica alone caused a greater reduction in 
plant growth and chlorophyll contents, followed by R. solanacearum and X 
campestris pv. vesicaloria. Inoculation of M. javanica plus K solanacearum or Al. 
javanica plus X campestris pv. vesicatoria caused a greater reduction in plant growth 
and chlorophyll than the use of R. solaraccorum plus X campestris pv. vesicatoria. 
Inoculation of Al. javanica before inoculation with a bacterial pathogen caused a 
greater reduction in plant growth and chlorophyll compared to inoculation of a 
bacterial pathogen prior to inoculation with the nematodes or inoculation of one 
bacterial pathogen prior to inoculation with another bacterial pathogen. Inoculation of 
Al.javanica prior to R. solanacearum plus X. campesiris pv. vesicatoria caused the 
highest reduction in plant growth and chlorophyll than other treatments except when 
all the three pathogens were inoculated together. Ralstonia solanacearum and X 
campestris pv, vesicatoria adversely affected nematode multiplication and galling, but 
the effect of R. solanacearum alone was greater than that of X campestris pv. 
vesicatoria alone. The greatest reduction in nematode multiplication and galling was 
when R. solanacearum plus X curvpesiris pv. vesicatoria was inoculated prior to 
inoculation with Al javanica. The wilting index was 3 when R. solanacearum was 
inoculated alone. The bacterial spot index was 3 when X campestris pv. vesicatoria 
was inoculated alone. When R. solanacearum and X campestris pv. vest catoria were 
inoculated together or these were inoculated with M javanica, the indices were 5. 
Phosphate solubilizing microorganisms (Bacillus subtilis, Pseudomonas 
fluorescens, P. putida, Aspergillus awarnori and A. niger), Chitosan (Sigma-
Aldrich), composted organic manures (i.e. cow dung, horse dung, goat dung and 
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poultry manure), composted plant straws (Triticum aestivum, Otyza sativa, Zea mays, 
Sorghum vulgare, Penn/serum typhoides) and AM fungus (Glom us ino-aradic&s), 
were tested alone and in combination for the management of wilt-leaf spot disease 
complex of tomato under pot conditions. 
The effects of Glomus intraradices, chitosan, Aspergillus niger and 
Pseudomonas putida on the wilt-leaf spot disease complex of tomato caused by Al. 
javanica, R. solanacearum and X campestri.s pv. vestcatoria were observed. 
Inoculation of G- intraradices, chitosan. A. niger and P. puida caused a significant 
increase in plant growth, chlorophyll contents of pathogen-inoculated plants. 
Inoculation of chitosan caused a greater increase in plant growth and chlorophyll 
contents of pathogen-inoculated plants than caused by A. niger or G. intraradices. 
Application of P. putida caused almost a similar increase in plant growth of pathogen-
inoculated plants as caused by clutosan. Combined use of P. putida plus chitosan to 
pathogen-inoculated plants caused a greater increase in plant growth and chlorophyll 
contents than by inoculation of A. niger plus G. intraradices or .4. niger plus P. 
putida. Root colonization by G. intraradices was higher in plants inoculated alone 
while inoculation of pathogens reduced colonization by G. intraradices. In the 
presence of P. pulida and chitosan root colonization by G. intraradices was increased. 
Root colonization by P. purida was also increased in the presence of chitosan i G. 
intruradices. inoculation of P. pulida caused a higher reduction in galling and 
nematode multiplication, followed by chitosan, G. intraradices and A. niger, 
Maximum reduction in galling, nematode multiplication, wilt and spot disease indices 
was observed when P. putida was used with chitosan. 
The effects of Bacillus subtilis, Aspergillus awamori and Pseudomonas 
fluorescens on the wilt-leaf spot disease complex of tomato caused by Al. javanica, R. 
solanacearum and X. campestris pv. nesicatoria were observed. Inoculation of B. 
subtilis. 4. awamori and P. Jluorescens caused a significant increase in plant growth, 
chlorophyll contents of pathogen-inoculated plants. Inoculation of P. fluorescens 
caused a greater increase in plant growth and chlorophyll contents of pathogen-
inoculated plants than caused by A. aecamori. Application of P. fluorescens with B. 
subtilis caused a greater increase in plant growth and chlorophyll contents of 
pathogen-inoculated plants but maximum increase in growth and chlorophyll contents 
of pathogen inoculated plants was observed when all the three biocontrol agents were 
13S 
inoculated together. Pseudomonas iuorescens colonized tomato roots greater than 
colonization by B. subfilis. Root colonization by P. fluorescens and B. subtifis was not 
affected in simultaneous inoculations while inoculation of pathogens reduced 
colonization of roots by rhizobacteria. Inoculation of P. fluorescens caused higher 
reduction in galling and nematode multiplication, followed by B. subtilis and A. 
awamori. Maximum reduction in galling, nematode multiplication, wilt and spot 
disease indices was observed when all the three biocontrol agents were used together. 
Effects of chitosan alone and in combination with organic manures i.e. cow 
dung, horse dung, goal dung and poultry manure on the wilt-leaf spot disease complex 
of tomato caused by Al. javanica, R. solanacearum and X campestri.s pv. vesieatoria 
were observed. Inoculation of chitosan and either of the organic manure caused a 
significant increase in plant growth and chlorophyll contents of pathogen-inoculated 
plants. Inoculation of poultry manure caused a greater increase in plant growth and 
chlorophyll contents of pathogen-inoculated plants followed by goat dung, horse dung 
and cow dung. Application of chitosan caused a similar increase in plant growth and 
chlorophyll contents of pathogen-inoculated plants as caused by horse dung. 
Combined use of poultry manure with chitosan to pathogen-inoculated plants caused a 
greater increase in plant growth and chlorophyll contents than any other combined 
treatment. Inoculation of poultry manure caused a higher reduction in galling and 
nematode multiplication, followed by goal dung, chitosan, horse dung and cow dung. 
Maximum reduction in galling. nematode multiplication, wilt and spot disease indices 
was observed when poultry manure was used with chitosan. 
Effects of P.seudomonas putida alone and in combination with plant straws 
i.e. Trilicum aeslivum, Otyza sativa, Zea mays, Sorghum vrdgare and Pennisetum 
typhoides on the wilt-leaf spot disease complex of tomato caused by U. javanica, R. 
solanucearum and X campestris pv. vesicatoricr were observed. Inoculation of P. 
putida and either of the plant straws caused a significant increase in plant growth and 
chlorophyll contents of pathogen-inoculated plants. Inoculation of P. typhoides straw 
caused a greater increase in plant growth and chlorophyll contents of pathogen-
inoculated plants followed by S. vulgare, T. aestivum, Z. mays and 0. saliva. 
Combined use of P. putida with P. tyPhoide.s straw to pathogen-inoculated plants 
caused a greater increase in plant growth and chlorophyll contents than any other 
combined treatment. Inoculation of P. typhoides straw caused higher reduction in 
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galling and nematode multiplication followed by S. vulgare, T aestivum, 7. mays and 
O_ saliva. Maximum reduction in getting, nematode multiplication, wilt and spot 
disease indices was observed when P. typhoides straw was used with P. putida. 
Following conclusions can be drawn from my study: 
1. Root-knot nematode AIeloidogyne spp., R. solanacearum and X. campestris 
pv. vesicatoria were generally found associated alone or in concomitant 
presence with tomato crop in the area surveyed and a serious constraint in the 
successful cultivation of this crop. 
2. Glomtes intraradices, Bacillus subtilis, Pseudomonas fluorescens and P. 
putida showed the potential in the laboratory test for the biocontrol of disease 
complex of tomato. 
3. Chitosan and two Aspergillus spp. namely A. niger and A. awamori also 
showed the potential in laboratory test for the management of disease complex 
of tomato. 
4. Damaging threshold level of Al, javanica is 2000 second stage juveniles on 
tomato and that of R. solanacearum / X. campestris pv. vesicatoria 10 nil 
inoculum (1.2 x] Os CFU i ml) per kg soil. 
5. The effects of R. solanacearurn, X. campestris pv. vesicatoria and M. javanica 
applied in three different inocula and in combinations were studied on tomato. 
Disease severity increased and chlorophyll contents decreased with the 
increasing inoculum and various combinations of variable inocula of the three 
pathogens exerted synergistic effect on tomato growth. 
6. Inoculation of M. javanica plus R. solanacearum[ or M javanica plus X 
campes(ris pv. vesicaloria caused a greater reduction in plant growth and 
chlorophyll contents than the use of R. .solanacearum plus X campestris pv. 
yes/ca/aria. 
7. Inoculation of M javanica before inoculation with a bacterial pathogen caused 
a greater reduction in plant growth and chlorophyll contents compared to 
inoculation of a bacterial pathogen prior to inoculation with the nematodes or 
inoculation of one bacterial pathogen prior to inoculation with another 
bacterial pathogen. 
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8. 	Inoculation of G. intraradices, chitosan, A. niger and P. puida caused a 
significant increase in plant growth and chlorophyll contents of pathogen-
iuoculated plants. Combined use of P. putida plus chitosan to pathogen-
inoculated plants caused a greater increase in plant growth and chlorophyll 
contents than by inoculation of A. niger plus G. intraradices or A. niger plus 
P. putida. 
9. 	Inoculation of 13..subtitis. A. awamori and P. fluorescens caused a significant 
increase in plant growth and chlorophyll contents of pathogen-inoculated 
plants. Maximum increase in growth and chlorophyll contents of pathogen 
inoculated plants was observed when all the three biocontrol agents were 
inoculated together. 
I0. 	Inoculation of chitosan and either of the organic manure i.e. cow dung, horse 
dung, goat dung and poultry manure caused a significant increase in plant 
growth and chlorophyll contents of pathogen-inoculated plants. Combined use 
of poultry manure with chitosan to pathogen-inoculated plants caused a greater 
increase in plant growth and chlorophyll contents than any other combined 
treatment. 
11. Inoculation of P. pulido and either of the plant straws i.e. T. aestivum, 0. 
sativa, Z. mays. S vulgare and P. typhoides caused a sienificant increase in 
plant growth and chlorophyll contents of pathogen-inoculated plants. 
Combined use of P. putida with P. typhoides straw to pathogen-inoculated 
plants caused a greater increase in plant growth and chlorophyll contents than 
any other combined treatment. 
12. In general, combined use of biocontrol agents was found better than the use of 
any single biocontrol agent for the management of wilt-leaf spot disease 
complex of tomato_ 
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Inoculation of Tomato with 
Ralstonia solanacearum, 
Xanthomonas campestris, and 
Meloidogyne javanica 
Neelu Singh and Zaki A. Siddiqui 
Department of Botany, Aligarh Muslim University, Aligarh, India 
The pathogenic bacteria Ralstonia solanacearum (Smith) Yabuuchi et al., Xanthornorias 
campestris (Pammel) Dowson, and Meloidogyne javanica (Treub) Chitwood are asso-
ciated with tomato (Solanurn lycopersicum L.) under field conditions. The effects of 
R. solanacearum, X. campestris, and M. javanica applied alone or in combination were 
examined to determine how individual and combined inoculations and order of inoc-
ulation affected tomato. Individual inoculation of R. solanacearum, M. javanica, and 
X. campestris caused significant reductions in plant growth. Inoculation of M. javan-
ica alone caused a greater reduction in plant growth, followed by R. solanacearum 
and X. campestris. Inoculation of M. javanica plus R. solanacearum or M. javan-
ica plus X. campestris caused a greater reduction in plant growth than the use of 
R. solanacearum plus X. campestris. Inoculation of M. javanica before inoculation with 
a bacterial pathogen caused a greater reduction in plant growth compared to inocula-
tion of a bacterial pathogen prior to inoculation with the nematodes or inoculation of one 
bacterial pathogen prior to inoculation with another bacterial pathogen. Inoculation 
of M. javanica prior to R. solanacearum plus X. campestris caused the highest reduc-
tion in plant growth than other treatments except when all the three pathogens were 
inoculated together. R. solanacearum and X. campestris adversely affected nematode 
multiplication and galling, but the effect of R. solanacearum alone was greater than 
that of X. campestris alone. The greatest reduction in nematode multiplication and 
galling was when R. solanacearum plus X. campestris was inoculated prior to inocu-
lation with M. jacanica. The wilting index was 3 when R. solanacearum was inoculated 
alone. The bacterial spot index was 3 when X. campestris was inoculated alone. When 
R. solanacearum and X. campestris were inoculated together or these were inoculated 
with M. javanica, the indices were 5. Generally, in combined inoculations the adverse 
effects of pathogens on plant growth and disease development were additive. The combi-
nation that caused the least damage to tomato was when both bacteria were inoculated 
either simultaneously or one prior to another. 
Keywords Solanum lycopersicum, Meloidogyne, Ralstonia, Xanthomonas, Disease 
complex, Interactions, Tomato. 
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Tomato, Solanum lycopersicum L., is an important vegetable crop cultivated 
worldwide. Yield loss due to root-knot nematodes (Meloidogyne spp.) on tomato 
range from 40% to 46% in India (Bhotti and Jain, 1977; Reddy, 1985). Plants 
infected with Meloidogyne spp. show typical symptoms of root galling. Some 
infected plants exhibit deficiency symptoms, particularly of nitrogen (Good, 
1968). Damage by root-knot nematode is a major constraint to cultivation 
of tomato in India (Siddiqui et al., 2001). Ralstonia solanacearum (Smith) 
Yabuuchi et al, is a soilborne bacterial pathogen that causes one of the most 
devastating plant diseases in tropical and subtropical regions (Agrios, 2005). 
R. solanaccarum has a wide host range. Bacterial wilt symptoms in tomato 
are characterized by initial wilting of upper leaves and, within a few days, 
complete wilting of plants. Vascular tissues of stems show a brown discol-
oration, and if the stem is cut crosswise, drops of white or yellowish bacterial 
ooze may be visible. Bacterial spot caused by Xorzth.omorzgs campestris pv. 
vesicatoria (Parnmel) Dawson (Xcv) is present wherever tomatoes are grown. 
In general, Xanthoniora¢s pathovars have narrow host ranges. Xcv consists of 
different strains that vary in pathogenicity to tomato, Xcv affects all above-
ground plant parts. On leaves spots are generally brown, circular, and water 
soaked. When conditions are optimal for disease development, spots can coa-
lesce to form long, dark streaks. A general yellowing may appear on foliage, 
with many lesions giving plants a scorched appearance, and the plants may 
exhibit severe epinasty IBoch and Bonas, 2010). These pathogens, including 
Xanthomons, are often associated with roots of tomato under field conditions. 
Generally, the timing of inoculation with a soil-borne nematode modifies plant 
response to other pathogens. Nematodes modify the physiology of host plants 
and also cause injury. Infected plants are usually stunted and the root systems 
often show extensive gall development, wilt symptoms, and spots on Leaves. 
Combinations of Meloidogyne spp. with bacterial plant pathogens may 
cause greater damage than either pathogen alone (Pitcher, 1963, 1965; 
Siddiqui et al., 2011). This project was undertaken to determine the rela-
tionship between M. javanica (Trcub) Chitwood, R. solanaccarum, and 
X. caxnpestris in the wilt and spot disease complex. The study was under-
taken to determine how order of inoculation of pathogens affected disease 
development and tomato growth. 
MATERIALS AND METHODS 
Preparation and Sterilization of Soil Mixture 
Sandy loam soil (pH 72 2), collected from the field of the Department of 
Botany, Aligarh Muslim University, Aligarh, India, was added to 90 x 60 can 
jute bags- Water (2 L) was added to each bag to wet the soil before transferring 
them to an autoclave for sterilization at 137.9 kPa for 20 min. Sterilized soil 
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was cooled to room temperature before filling 15-cm-diameter clay pots with 
1 kg of sterilized soil. 
Growth and Maintenance of Plants 
Seeds of tomato, cv. P-21, were surface sterilized in 0.1% sodium hypochlo-
rite for 2 min and washed three times with distilled water. Seeds were sown 
in seedling trays with sterilized soil. One-week-old seedlings were trans-
planted with one per pot. Seedlings were placed in a glasshouse and provided 
with 100 mL of water daily. Two days after transplanting seedlings received 
treatments; uninoculated plants served as the control. 
Nematode inoculum ofM. javanica was collected from tomato field soil and 
multiplied on aggplant (S. rnelongena L.) using a single egg mass. Egg masses 
were hand-picked using sterilized forceps and placed in 9-cm-diameter sieves 
of 1-mm pore size, which had been lined with cross-layered tissue paper. The 
sieves were placed for hatching in cell culture dishes with distilled water and 
incubated at 27°C. 
Selection of Bacterial Pathogens and Inoculum Preparation 
R. salameea,'urin was obtained from the Division of Microbiology and Plant 
Pathology, Indian Agriculture Research Institute (SARI), New Delhi, India;X. 
campestris was obtained from the Microbial Type Culture Collection and Gene 
Bank, Institute of Microbial Technology, Chandigarh, India. The pathogenicity 
of R. soiwnccarvm and X eampestris on tomato was confirmed by inoculating 
tomato seedlings in a laboratory. Nutrient agar plates were streaked sepa-
rately with a pure colony of R. so!enacearum and X. campestris and incubated 
at 30 - VC for 24 h. Single colonies from a 24-h-old pure culture of either 
R. solunncearmm or K caaepestnis were inoculated separately into nutrient 
broth flasks and incubated at 32 ± 1°C for 72 h. Cell density was determined 
following Sharma (2001) and was 1.2 x 10s colony-forming units (cfu)-mL-r. 
Inoculation Techniques 
The soil from 6 cm around the tomato root and 3-4 cm deep was carefully 
removed without damaging roots. Inocula suspensions were poured around 
roots and the soil was replaced. Two thousand hatched J2 juvenile stage nema-
todes were applied to each tomato plant. Ten milliliters of each bacterial 
suspension was inoculated into each pot around the tomato seedling. An equal 
volume of sterile water was added to control treatments. When inoculated 
simultaneously, pathogens were applied one week after germination. when 
inoculation was not simultaneous the first inoculation was one week after ger-
mination and the second inoculation was 15 days after the first to observe 
pre- and postinoculation effects of pathogens on plant growth and disease 
development. 
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Experimental Design 
The experiment was arranged in a completely randomized block design 
with 20 treatments: 1) control; 2) R. solanacearum (Rs); 3) M. javanica (Mj); 
4) X. campestris (Xc); 5) Rs -r Mj (+ = simultaneous inoculation); 6) Mj + Xc; 
7) Rs + Xc; (8) Rs —+ Mj (—. 	inoculation of pathogen 15 days after first inoc- 
ulation); 91 Rs —• Xc; 10) Mj —, Rs; 11) Mj —. Xc; 12) Xc 	Mj; 13) Xc — Rs; 
14) Rs —. Mj + Xc; 15) Mj —• Rs + Xc; 16) Xc —. Mj + Rs; 17) Rs + Mj —• Xc; 
18) Mj + Xc — Rs; 19) Rs + Xc —► Mj; and 20) Rs + Mj + Xc. Each treatment 
was replicated five times (20 x 5 = 100 pots) and the experiment was repeated. 
Observations 
Plants were harvested 90 days after inoculation. Data on plant length, 
plant fresh and dry weights, numbers of galls, nematode population, wilting, 
and bacterial spot index were recorded. A 250-g subsample of well-mixed soil 
from each treatment was processed by Cobb's sieving and decanting method 
followed by Baermann funnel extraction to determine nematode population 
(Southey, 1986). To estimate the number of juveniles, eggs, and females inside 
roots, 1-g subsamples of roots were macerated in 20 mL distilled water in a 
Waring blender and counts made from the suspension were obtained. Number 
of nematodes in roots was calculated by multiplying the number of nematodes 
in 1 g of root by the total root mass. A 0-5 scale was used for wilt and bacterial 
spot index, where 0 = no disease and 5 = severe wilt/spot index. Plant dry 
weight was also determined on a 0-5 scale (Husain, 1986) with slight modifi-
cation, where 0 = no suppression in plant dry weight; I = suppression in plant 
dry weight up to 5%; 2 = suppression in dry weight of 5.1%-15%; 3 = suppres-
sion in plant dry weight of 15.1%-2517; 4 = suppression in plant dry weight of 
25.1%-35; and 5 = suppression in plant dry weight greater than 35%. 
Statistical Analysis 
Data were subjected to analysis of variance. Tukey's test was used to dis-
tinguish differences between treatments. All analyses were performed with 
Stat View (ver. 5.0, SAS Institute, Cary, N.C.). 
RESULTS 
Results of repeated experiments were not different and data were pooled. 
Inoculation of R. solanacearum, M. javanica, and X. campestris applied 
individually caused significant reductions in plant growth (based on plant 
dry weight) over the control (Table 1). Inoculation of M. javanica caused 
a greater reduction in plant growth followed by R. solanacearum and X. 
campestris. When two pathogens were inoculated together, inoculation of 
R. solanacearum plus M. javanica caused a greater reduction in plant growth 
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than R. solenacearum plus X. campestris. Inoculation of M. javanica plus 
X. campestris caused a similar reduction in plant growth as that caused by 
R. solanacearum plus M. javaWiea. In treatments where one pathogen was 
inoculated 15 days prior to another pathogen, inoculation of M. jauanica prior 
to inoculation with bacterial pathogens caused a higher reduction in plant 
growth compared to inoculation of the bacterial pathogen before inoculation 
with nematodes or inoculation of one bacterial pathogen prior to inoculation 
with another bacterial pathogen (Table 1). 
In treatments where all three pathogens were used, inoculation of 
M. javanica 15 days prior to the two bacterial pathogens caused the great-
est reduction in plant growth, which was similar to plants where all the 
three pathogens were inoculated simultaneously (Table 1). Inoculation of 
R. solanacearum plus X. campestris 15 days prior to M. javanica caused less 
reduction in plant growth than plants inoculated with all three pathogens 
simultaneously. Inoculation of plants with X. campestris 15 days prior to 
M. javanica plus R. solanacearum caused an almost similar reduction in plant 
growth as that caused by inoculation of R. solanacearum prior to M. javanica 
plus X. carnpestris or inoculation of M. javanica plus X. campestris prior to 
R. solanacearum (Table 1). 
R. solanacearuin and X. campestris adversely affected nematode multi-
plication and galling; the effect of R. solanacearum was greater than that of 
X. canipestris. The nematode multiplication was 13.6-fold when M. javanica 
was inoculated alone. The multiplication was reduced to 10.9- and 11.9-fold 
when M. javanica was inoculated with R. solanacearum and X. campestris, 
respectively. When R. solanacearum was inoculated prior to M. javanica the 
multiplication was 9.7-fold and when X. campestris was inoculated prior to 
nematodes the multiplication was 11-fold. When nematodes were inoculated 
prior to R. solanacearuin the multiplication was 11.9-fold and when nema-
todes were inoculated prior to X. campestris the multiplication was 12.9-fold. 
When all three pathogens were inoculated together nematode multiplication 
was 7.7-fold. In other combinations where one pathogen was inoculated prior 
to the remaining two pathogens or two pathogens were inoculated prior to 
the remaining one pathogen, nematode multiplication ranged from 5.8- to 8.9-
fold. The wilting index was 3 when R. solanacearum was inoculated alone. 
The bacterial spot index was 3 when X. campestris was inoculated alone. 
In other treatments, where R. solanacearum and X. campestris were inocu-
lated together or these were inoculated with M. javanica, the indices were 5 
(Table 1). 
DISCUSSION 
Interaction of root-knot nematode M. javanica with R. solanacearuin and 
X. campestris on tomato causes a disease complex under field conditions. 
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Inoculation of these pathogens alone caused a significant reduction in plant 
growth over the control. The root-knot nematode has evolved strategies to 
induce feeding cell formation in many plants and in tomato also, probably by 
manipulating fundamental elements of plant cell development (Caillaud et al., 
2008), causing significant yield loss (Reddy, 1985). ?1loreover, X. campestris can 
severely devitalize plants by defoliation and it reduces yield and quality of har-
vested fruit. Similarly, R. solanacearum had typical symptoms on inoculated 
seedlings and by 4 weeks all plants exhibited severe symptoms. Inoculations 
of these pathogens in combinations caused greater damage to tomato than 
that caused by individual inoculations, but the effects of pathogens on plant 
metabolism were not studied. Interactions between these pathogens may have 
both direct and indirect effects on disease severity. The direct effect includes 
physical interactions of pathogens in the rhizosphere and occupancy of the 
same infection site inside the root. The direct interactions of pathogens inside 
host plants at the same infection site generally had an antagonistic effect on 
pathogen multiplication. Indirect effects of interactions via plant response, 
such as breaking of disease resistance, and modification of host substrate had 
synergistic effects on disease severity. Plant parasitic nematodes cause phys-
ical damage that can allow secondary infection by other pathogens (Pitcher, 
1963, 1965; Sitaramaiah and Pathak, 1993). Endoparasitic nematodes, such 
as Meloidogyne spp., wound roots, allowing bacteria to become established 
(Stewart and Schindler, 1956). 
Wilt-inducing bacteria depend mainly on wounds as an infection court 
(Goodman et al., 1967), and these wounds are provided by nematodes feed-
ings on roots (Sitaramaiah and Sinha, 1984a, 1984b). Pitcher (1965) noted 
that wounds created by nematodes apparently favor bacteria more than 
fungi, because bacteria are less adapted for penetrating the host epider-
mis. Disease symptoms similar to those occurring in nematode—bacteria wilt 
interactions were stimulated by substituting mechanical injury for nematode 
feeding (Libman et al., 1964; Lucas et al., 1955). When roots of tomato plants 
were mechanically injured by needle in laboratory tests and plants inocu-
lated with R. solanacearum exhibited disease, symptoms similar to those in 
nematode—bacterial wilt interactions occurred. Wounds created by nematodes 
leak nutrients, allowing bacteria to multiply in lesions and the rhizosphere 
(Kurppa and Vrain, 1985). It was observed in the present study that rhi-
zosphere soils had higher bacteria populations compared to non-rhizosphere 
soil. Moreover, root-knot nematode induces physiological and/or biochemical 
changes in hosts. These possible changes require additional study so that the 
interaction between the pathogens and host can be better understood. 
Adverse effects on nematodes may be due to these pathogens competing 
for the same host substrate. The unfavorable effect of bacteria on nematodes 
may be due to destruction of feeding sites, reducing nutrition for nematodes, 
which was observed on tobacco plant in Grainville wilt and root-knot nematode 
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interaction (Lucas et al., 1955). Inoculations of root-knot nematodes alone pro-
duce more galls and egg masses than when R. solanacearum is present. It may 
be that bacteria induce changes in the root system that are not favorable for 
nematodes (Bhagawati et al., 1996; IIazarika, 2003; Hussain and Bora, 2009). 
Generally bacteria adversely affect nematode multiplication, but inoculation 
of nematodes with plant pathogenic bacteria increased disease severity by pre-
disposing plants to pathogenic bacteria. When inoculation with bacteria was 
prior to inoculation with nematodes, damage to plants was less than with 
simultaneous inoculations. This, in part, may be due to production of toxins 
by bacteria that adversely affected nematodes (Pitcher, 1963) or because bac-
teria could not infect the roots effectively without infection courts made by the 
nematodes. 
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